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Abstract
In 1923, the Great Kanto¯ Earthquake hit the Japanese archipelago with a mo-
ment magnitude scale of 7.9. To study its long-run effects on the development of
children, I established a unique school-level panel dataset on the height of children
and compiled the regional variation of the damage from official reports. I found that
fetal earthquake exposure had negative effects on the development of children and
that the magnitude increased with the degree of devastation. However, the results
from the prefecture-level data imply that the impacts of earthquakes on child height
are limited at the local level as the physical disruption due to the earthquake was
concentrated on a set of municipalities in a certain prefecture.
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1 Introduction
The fetal-origins hypothesis argues that the metabolic characteristics of a fetus exposed
to inadequate nutrition in utero are more likely to lead to diseases in adulthood (Barker,
1992). In economics, the long-run adverse effects of fetal damage have been widely studied
since Almond and Mazumder (2005) and Almond (2006) found a causal link between fetal
influenza exposure and later-life health and socioeconomic outcomes. A growing body of
the literature has employed the random assignment of fetal health shocks through a range
of natural experiments. Examples in recent years include air pollution from forest fires
(Rosales-Rueda and Triyana, 2018), alcohol policy experiments (Nilsson, 2017), the Dust
Bowl (Vellore, 2018), and the wars (Akbulut-Yuksel, 2017).1 While these studies interpret
that fetal damage due to sudden exogenous shocks can be associated with later-life human
capital outcomes, the adverse long-run effects of earthquakes are generally understudied
despite their high frequency.2 Major earthquakes, with moment magnitude scale greater
than 7, happen more than once per month. Great earthquakes with magnitude greater
than 8 occur at least once a year (IRIS, 2011). The earthquake are arguably more frequent
than most past studies on extreme and often one-time negative events such as influenza
pandemic and famine.
A few studies show the short-run effects of fetal earthquake exposure. Glynn et
al. (2001) investigate 40 pregnant women who experienced an earthquake of a magni-
tude of 6.8 that occurred in California in 1994 during pregnancy or shortly after, finding
that maternal stress experienced in early pregnancy is associated with a shorter gesta-
tional period. Torche (2011) also investigates the influence of acute stress exposure to
the large Chilean earthquake of 2005 on birth weight by using birth registry data. She
shows that maternal stress results in a decline in birth weight and an increase in the
proportion of low birth weight deliveries.3 These findings are striking as low birth weight
due to reduced gestational age and intrauterine growth restriction have adverse effects on
the development of children (Datta Gupta et al., 2013).4 Indeed, stunted growth leads to
substantial negative health impacts as it causes impaired brain cells (Victora et al., 2008).
Thus, child stunting due to undernutrition has long-run adverse effects on economic out-
1The finer details of the literature in epidemiology and economics are reviewed by Almond and Currie
(2011). See also Currie and Vogl (2013) for a review of studies of the long-run effects of early-life health
shocks on later life in developing countries.
2In fact, the long-term effects of fetal exposure to natural disasters are still a relatively understudied
area compared with the large body of research on the World Trade Center disaster of September 11, 2001.
Harville et al. (2010) provide a systematic review of this topic. A few exceptions are Sotomayor (2013)
and Karbownik and Wray (2016), who study the long-run effects of early-life exposure to storms and
hurricanes on human capital development. The effects of earthquake can be potentially different from
these weather related disasters because forecasting time and place of the earthquake is still impossible
and thus, effective preventions such as taking refuge are unavailable.
3Related studies include Hibino et al. (2009) and Tan et al. (2009), who investigate earthquake-related
maternal stress and adverse pregnancy outcomes, respectively. Tsuboya et al. (2017) provide evidence
on the instantaneous effects of earthquakes on the physical health of adults.
4Moreover, low birth weight can significantly increase the later-life risk of higher blood pressure, heart
disease, and diabetes (Wadsworth et al., 1985; Barker et al., 1989; Hales et al., 1991). See also Au Yeung
et al. (2016) for a recent discussion on the association between low birth weight and the risk of heart
disease.
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comes in adulthood (McGovern et al., 2017). Accordingly, coping with childhood stunting
has become an important policy issue in developing countries (de Onis and Branca, 2016).
However, limited evidence is available on the link between fetal earthquake exposure and
later child growth (Kousky, 2016).
To bridge this gap in the body of knowledge, the present study examines the physical
development of cohorts of Japanese children in utero during the Great Kanto¯ Earthquake
of 1923. I focus on this earthquake as opposed to the Great East Japan Earthquake of
2011 primarily because our aim is to examine the adverse health shock of an earthquake
in an industrializing country. Although many of the studies investigating the impacts of
fetal disaster exposure on perinatal health tend to target developed countries for which
detailed data are widely available (Harville et al., 2010), a large proportion of natural
disasters have occurred in developing countries (Rasmussen, 2004). While developed
countries can deal with the adverse shocks of earthquakes owing to their better institutions
and infrastructure, earthquake damage can cause greater negative effects in developing
countries. Second, the earthquake of 2011 caused enormous devastation because of not
only the vibration and tsunami but also the concurrent Fukushima nuclear accident.5 This
nature of incidence complicates identification because separating the effects of both events
is difficult. Third, the Great Kanto¯ Earthquake of 1923 was unprecedented in the history
of Japan. The total value of the earthquake damage in 1922 was estimated to be 35.4% of
gross national product (GNP), while the damage of the Great East Japan Earthquake was
only 3.5% of gross domestic product (GDP) in 2010 (Imaizumi et al., 2016, p. 54). Hence,
the affected cohorts (i.e., those in utero during the earthquake) may have experienced
adverse developmental effects relative to other cohorts.
For these reasons, this study uses an earthquake that occurred in the early 20th cen-
tury and selects Chiba prefecture as the main research area, where the physical disruption
was primarily caused by the vibrations.6 To better identify the impacts of the earthquake
on children, I establish a unique school-level three-way tensor dataset and compile the re-
gional variation of the damage from historical documents. From official statistical reports
on physical examinations, I construct a dataset on the height of children aged 6–11 years
from 434 primary schools between 1925 and 1935. Our sample thus consists of 95% of
primary school-aged children in Chiba during the study period. Taking advantage of this
comprehensive data, I investigate whether in-utero earthquake exposure has significant
adverse impacts on the development of children.
I find that such exposure negatively affected the growth of children and that the mag-
nitude increased with the degree of devastation. Our estimates suggest that the heights
of boys and girls who experienced the earthquake in utero, whose mothers lived in highly
devastated areas (where on average 85% of the households were damaged by the vibration
with a seismic intensity of 7), are approximately 0.3 and 0.55 cm lower than those in the
surrounding cohorts, respectively. Analysis using disaster relief expenditure shows that if
5Indeed, most of the studies investigating the obstetric outcomes and obesity rate due to the 2011
earthquake have focused on the inhabitants of Fukushima prefecture (Fujimori et al., 2014; Hayashi et
al., 2016; Yamamura, 2016). One example is Suzuki et al. (2016), who investigate the secondary sex ratio
after the 2011 earthquake by using birth registration data in Japan.
6I do not choose Tokyo as the main research area because it experienced vibrations and an enormous
fire at the same time (Hunter and Ogasawara 2018).
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the compensating effects are ignored, the stunting effects on boys and girls are approxi-
mately −0.4 and −0.6 cm, respectively. Thus, it is suggested that these magnitudes are
so large as to be associated with later-life negative health and socioeconomic outcomes.
Smaller stunting effects of approximately −0.15 cm are observed in children born in mod-
erately or marginally affected areas (seismic intensity of 5 or 6). I also find that prenatal
exposure could be more important than postnatal exposure for explaining these stunting
effects. However, these effects are attenuated when a prefecture-level dataset is used.
This finding implies that the impacts of the earthquake on child health are limited to
the local level, as the physical disruption is concentrated on a set of municipalities in a
certain prefecture.
This study contributes to the literature in the following four ways. First, it shows
the impacts of fetal health shocks on child growth. While the adverse effects of the
earthquake on infants and/or adults have been studied, studies of the juvenile population
are less likely to be analyzed (Caruso and Miller 2015).7 Considering the link between
later-life wealth and the child stunting as described previously, understanding the impacts
of fetal health shocks on the development of children is now becoming a very important
topic (Bozzoli et al., 2009; Baird 2016). The shorter latent periods of children compared
with adults could enable us to provide direct evidence on the long-run effects of fetal
health shocks.8
Second, this study is the first to examine the impacts of a historical earthquake on
human health in a country previously categorized as developing. As noted above, one-off
disasters cause significant damage to developing countries compared with often better
prepared industrialized nations (Noy, 2009; Akter and Mallick, 2013). Investigating the
consequences of disasters on human health in an industrializing country is necessary to
formulate effective prevention policies.9 At this point, Japan is an ideal case as Asia
frequently experiences massive earthquakes because of its geographical location.10 Con-
sidering that few studies focus on Asia, this work contributes by adding new evidence on
the case of a previously-developing Asian country (Lin and Liu, 2014).
Third, our methodological contribution is to estimate the impact of earthquakes by
using a multidimensional panel dataset of child health. I use a comprehensive three-
way tensor dataset of the primary school students in both the subject area and the entire
country to estimate the overall long-run impacts of fetal earthquake exposure on the entire
affected child populations. I control for the time-varying unobserved factors of each school
that cannot be coped with by the cross-sectional and two-dimensional panel data analyses
widely employed by previous studies (Balazsi et al. 2018). To better identify the impacts
of the earthquake, I also exploit the geospatial variations in the physical damage.
7Exceptions include Kelly (2011), Leo´n (2012), and Rosales-Rueda and Triyana (2018), who investigate
the impact of exposure to prenatal influenza, civil war, and forest fires on child health, respectively.
8Indeed, the association between earthquake occurrence and child health and growth has recently
attracted attention in epidemiology and new surveys have been conducted (Matsubara et al., 2016, 2017).
9Countries at a higher risk of natural disasters can suffer considerable losses (Schumacher and Strobl,
2011). For instance, Strobl (2012) estimates the average economic loss in developing countries due to
hurricane strikes in the Central American and Caribbean regions since the 1950s.
10Asia has the highest occurrence of natural disasters globally. Sawada (2017) argues that such exposure
to a variety of disasters is likely to undermine the region’s continuous development as well as the poverty
reduction prospects in Asian countries.
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Figure 1: Affected area and hypocenter
Notes: The red circle shows the hypocenter of the earthquake. The affected area includes Tokyo,
Kanagawa, and Chiba prefectures. The marginally affected area includes Saitama, Shizuoka,
Yamanashi, and Ibaraki prefectures. Source: Created by the author from Tokyo City Office
(1925, p. 161).
Fourth, this study complements the earthquake literature in economics, which remains
limited (Noy, 2009; Cavallo and Noy, 2011; Hallegatte and Przluski, 2010). For example,
although a few recent studies of the Great Kanto¯ Earthquake of 1923 have analyzed its
impact on market functions (Imaizumi et al., 2016; Hunter and Ogasawara, 2018), its
effects on human capital have been widely neglected.
The structure of the remainder of the paper is as follows. Section 2 reviews the Great
Kanto¯ Earthquake and examines the possible channels for the children. Section 3 describes
the data used. Section 4 presents our empirical strategies and main results. Section 5
provides a discussion. Section 6 concludes.
2 Background
2.1 Great Kanto¯ Earthquake of 1923
The scale of the Great Kanto¯ Earthquake (Kanto¯ Daishinsai) of 1923, an extremely huge
quake with a moment magnitude scale of 7.9, was unprecedented in the history of Japan,
leaving 156,000 people killed, injured, or missing. As noted in the Introduction, the value
of the earthquake damage was estimated to be 35.4% of GNP in 1922 compared with
3.5% of GDP for the Great East Japan Earthquake of 2011.
The earthquake hit the southern area of the Kanto¯ district including the seven pre-
fectures shown in Figure 1: Tokyo, Kanagawa, Chiba, Saitama, Shizuoka, Yamanashi,
and Ibaraki. Although both the physical and the human damage were concentrated on
the Tokyo and Kanagawa prefectures, Chiba prefecture was also considerably affected
not only by the main shock but also by the aftershocks.11 The Choshi Meteorological
11While Tokyo was the largest prefecture with approximately four million inhabitants in 1922, Kana-
gawa and Chiba were middle-sized prefectures with approximately 1.36 and 1.34 million inhabitants,
respectively (Statistics Bureau of the Cabinet, 1924b, p. 347). The shares of the agricultural, industrial,
and commercial sectors in Chiba at that time were 70%, 10%, and 10%, respectively (Statistics Bureau
of the Cabinet, 1924a, pp. 26–27).
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(a) Affected households (%) (b) Intensity classification
Figure 2: Spatial distribution of the affected households in Chiba prefecture
Notes: Physical disruption rate (PHSD), which is defined as the number of affected households (collapsed or
semi-collapsed due to the earthquake) per 100 total households, is illustrated in Figure 2a. Classifications
D0, D1, D2, and D3 in Figure 2b include municipalities exposed to the JMA seismic intensity scale of 5,
6-, 6+, and 7, respectively. Source: Calculated by the author from the Division of Social Affairs, Chiba
Prefecture (1933b).
Observatory in Chiba reported that 799 and 1,089 aftershocks occurred within 16 and 86
days of the main shock, respectively (Division of Social Affairs, Chiba Prefecture, 1933a,
p. 25, 32, 39). Consequently, roughly one in 10 households in Chiba were damaged by the
earthquake.12
Figure 2a shows the spatial distribution of the percentage distribution of affected
households, a physical disruption rate.13 The affected municipalities are concentrated on
the western coast (uchi-bo¯), especially in the counties of Awa and Kimitsu, because this
area includes the seismic fault plane named the Kamogawa-teichi fault zone (Takemura,
2003). Overall, 53% of municipalities (185 out of 349) suffered physical disruption. In-
deed, pictures taken in the aftermath of the earthquake show the unimaginable scale of
devastation in Awa (Appendix B.2).
In affected areas, roads and railways were largely destroyed and the production of news-
papers, postal services, and telegraph and telephone services also completely stopped.14
Topographical changes that made traffic difficult were observed in many municipalities.
Although railway services had largely restarted by the end of September 1923, passen-
gers still had to walk between the heavily damaged sections. Further, 87% of post offices
12At that time, most of the houses in Japan were typically built with wood. However, even the
concrete buildings of the municipal offices were destroyed in highly impacted areas (Division of Social
Affairs, Chiba Prefecture, 1933a, pp. 88–96). Tokyo City Office (1925, p. 161) reported that 86.5% of
households in Kanagawa were affected and almost half of those in Tokyo. This included being burnt,
destroyed, or water-damaged by the earthquake and subsequent fires and tsunami.
13Note that the spatial distribution of the victims is similar but shows more regionally smaller distri-
bution patterns (Figure A.3). Thus, I prefer to use the percentage distribution of affected households in
our empirical analysis (Appendix A.2 for details).
14Railway transportation was well developed by the early 20th century in Japan (see Tang, 2014, 2017).
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(177 out of 203) including telegraph and telephone stations were damaged.15 Wells, the
main water source of people at that time, became contaminated by sand and salt, causing
difficulties in obtaining drinking water.
Physical disruption was also observed in the agricultural, livestock, marine products,
and industrial sectors.16 Because approximately 14,000 hectares of arable land were af-
fected, including damage to reservoirs, embankments, and irrigation equipment as well as
the upheaval or depression of ground surfaces, agricultural households struggled to sell
their products because trade partners were mainly in Kanagawa and Tokyo (Division of
Social Affairs, Chiba Prefecture 1933a, pp. 129–130). Further, the income of sericulturists
dropped by more than two-thirds due to a steep decline in price of cocoons. Livestock
raisers were directly affected by the death of livestock and destruction of factories and
machines. The total loss due to the earthquake in the livestock industry was over half-
a-million yen, accounting for approximately 4.4% of total production in that industry
in 1922. Regarding the marine products industry, the estimated loss was approximately
2.2% of total production in 1922. The industrial sector was also affected not only by the
physical damage but also by the crisis in the financial system as 343 of 448 (76.6%) banks
in Tokyo were burnt down by the fire.
2.2 Possible paths
Earthquakes lead to adverse health shocks to the fetus through two main paths. The
first path is maternal stress in pregnant women (Hibino et al., 2009). Prenatal maternal
stress, especially posttraumatic stress disorder, increases the risk of adverse pregnancy
outcomes, which can persist into late adolescence (Torche, 2011; Yonkers et al., 2014).17
The second path is maternal nutritional deprivation (Barker, 1992, 1998), which can be
driven by several channels. The first direct channel is either external injury or a shortage of
food because of the shocks to transportation (Division of Social Affairs, Chiba Prefecture,
1933b). The second channel is indirect pecuniary shocks (Banerjee et al., 2010; Bozzoli
and Quintana-Domeque, 2014). Declines in household income were caused not only by
the shocks on agricultural production and/or sales but also by the destruction of banks
as described. Despite the short-run impacts, the third indirect channel is the increased
price of food and daily commodities that could decrease the relative wealth of households
(Hunter and Ogasawara, 2018).18 The fourth channel is declining sanitary conditions. For
instance, in the Yo¯rho village of Chiba, 120 out of 600 households collapsed and thus the
15See Division of Social Affairs, Chiba Prefecture (1933a, p. 151) and Chiba Prefecture (1925, vol. 6,
p. 152).
16Descriptions of the agricultural sectors are taken from the Division of Social Affairs, Chiba Prefecture
(1933a, p. 126, 133, 136, pp. 141–143) and Chiba Prefecture (1924, p. 11, 103). The number of collapsed
banks was obtained from the Bank of Japan (1986, p. 48).
17See Stein et al. (2014) for a comprehensive summary of the association between parental disorders
and offspring outcomes.
18Although the government intervened to stabilize markets by issuing the Emergency Requisitioning
and Antiprofiteering Ordinance within a week of the earthquake to deal with panic buying and rapidly
rising commodities, the retail prices of food and other necessities still increased after the earthquake
(Division of Social Affairs, Chiba Prefecture, 1933a, pp. 293–296). See also Appendix A.3 for the An-
tiprofiteering Ordinance.
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victims had to spend 10 days living outside. Even in evacuation shelters and temporary
housing, people were more likely to suffer illness due to poor sanitary conditions (Charles
et al., 2014).19 Infection can significantly reduce fetus nutrition via inflammation, high
fever, lost appetite, vomiting, and compilations (Kawana et al., 2007; Metzger et al., 1982;
Tomkins et al., 1994; Rasmussen et al., 2008). Fetal exposure to infectious diseases can
also have long-run adverse effects on child health (Kelly, 2011).20
This study does not intend to distinguish these paths of adverse effects perfectly as
exposure is measured as annual frequency in line with related studies. However, while
maternal stress may be less likely to affect infants during their postnatal period, the effects
of nutritional deprivation can be observed both in pre- and in postnatal periods via oral
feeding and breastfeeding. In the empirical analysis, I thus assess whether the effects of
prenatal or postnatal exposure are more remarkable.
3 Data
Child health
Height is the main measurement of the overall health outcome of children, as this mea-
sure reflects accumulated nutritional status and is associated with cognitive ability and
long-run adult health and socioeconomic outcomes (Fogel, 1994; Case and Paxson, 2008;
Currie and Vogl, 2013).21 As discussed in the introduction, child stunting is indeed con-
sidered to be the best overall indicator of well-being of children (de Onis and Branca
2016). I assembled a school-level multidimensional panel dataset of height for primary
schoolchildren (sho¯gakusei) aged 6–11.22 Although I also used weight as a secondary
measurement of child health, I expect the long-run effects of fetal earthquake exposure to
be much clearer on height because weight is sensitive to instantaneous effects. Note also
that the body mass index is not used herein because it is designed to capture the degree
of adult obesity.23
Japan is a good context for our study because of its comprehensive school physical
examination records. Since these physical examinations had to be conducted in April
of each year for all schools under the Gakuseiseito shintaikensa kitei (official regulations
for school physical examination) from 1897, most primary schoolchildren undertook one.
19See Division of Social Affairs, Chiba Prefecture (1933a, p. 748, 1933b, pp. 301–302).
20A fifth possible channel would be the work burden caused by the reconstruction of the cities and
towns. However, this kind of muscular work was more likely to be conducted by men than women.
21I do not use the height-for-age z-score of modern WHO standards to control for the age effects because
the pubertal growth spurt of children in the early 20th century occurred at older ages than in modern
healthy children. This leads to a distorted height-for-age profile for our sampled children (see Schneider,
2018).
22The academic term runs from April to March in Japan. Therefore, children in the first grade of
primary school are aged 6 and 7 and those in the final (sixth) grade are aged 11 and 12. To ensure
the consistency of the data structure, however, I refer to the range of ages in our sample as 6–11 years
throughout this paper.
23Child growth disturbs the measurement of obesity at different ages. This issue makes it difficult to
identify whether the observed child stunting comes from fetal shocks or just the timing of child growth.
See Schneider (2018) for a detailed explanation of this mechanism.
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Moreover, the physical examinations were conducted by school doctors, supporting the
accuracy of the statistics. Consequently, the set of annual statistical reports compiled
by local governments has remained today. The reports used in this study were compiled
by Chiba prefecture between 1925 and 1935 (Appendix B.1 describes the details of the
data and historical materials used). Our dataset from all 434 primary schools covers ap-
proximately 95% of the juvenile population aged 6–11 in Chiba at that time. I dropped
samples with missing values and outliers due to misreporting. I also excluded schools
affected by municipality consolidation. Accordingly, approximately 98% of our data are
balanced. While prefecture-level data on the health of primary schoolchildren in industri-
alizing Japan have previously been used,24 this study is the first to compile school-level
data to investigate the effects of an earthquake on the health of a primary school-aged
population in an industrializing local economy.
Despite this good coverage, however, a potential selection issue might have been arisen
in the following two ways. First, children may have been absent from school on the date
of the physical examination due to an unforeseen illness or accident. In this case, selection
is more likely to have been random given the unpredictability of those events. Second,
according to the official reports of Chiba prefecture, truancy rates for primary schools were
approximately 0.5% at that time (Chiba Prefecture, 1932, p. 21). If absentees came from
poor households, our estimates would understate the effects because of the systematic
positive selection. I address such selection effects in our data by controlling for both the
primary school enrollment rate and the primary school attendance rate.
The potential issue of internal migration across municipalities should be discussed.
The internal migration of schoolchildren was, however, very limited in the interwar pe-
riod (Nakagawa, 2001). Indeed, in Chiba prefecture in 1930, about 94% of children of
primary school age lived in their birthplace (Appendix B.1), suggesting that most primary
schoolchildren did not leave their hometowns until leaving school. Appendix B describes
the finer details of our data sources and Table 1 reports the summary statistics.
Degree of physical disruption
I used data on the physical damage from the official report for the Great Kanto¯ Earthquake
published by the Social Welfare Bureau of the Cabinet in 1926. Since the report surveyed
all damaged households in Chiba by November 15, 1923, it provides a complete picture
of the degree of physical disruption at the municipality level.25 I calculated the physical
disruption rate (PHSD) as number of affected (collapsed and semi-collapsed) households
per 100 total households for each municipality, as shown in Figure 2a.26 Appendix B.2
provides further details on this variable.
24Examples include Ogasawara (2017) and Schneider and Ogasawara (2018).
25Because more than two months had passed after the earthquake, which occurred on September 1,
the number of affected households cumulatively documented in the report should be accurate.
26The number of households in each municipality is based on the 1920 Population Census. Appendix B.2
discusses the validity of this approach. As discussed in Section 2.1, the affected area was concentrated
on the western coast, which includes the seismic fault plane.
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Table 1: Summary statistics
Primary school boys Primary school girls
Mean Std. Dev. Mean Std. Dev.
Outcomes and key variables
Height (cm) 120.45 8.21 119.58 8.57
Weight (kg) 23.27 3.76 22.83 4.07
Indicator variable for children born in 1922 0.09 0.09
Indicator variable for children born in 1923 0.09 0.09
Indicator variable for children born in 1924 0.09 0.09
Share of affected households (%) 8.11 20.54 8.11 20.53
Indicator variable for the D1 area 0.14 0.14
Indicator variable for the D2 area 0.05 0.05
Indicator variable for the D3 area 0.04 0.04
Control variables
Fetal death rate in the birth year 71.17 14.08 71.17 14.08
Rice yield in the birth year 3.13 0.42 3.13 0.42
School enrollment rate in the measured year 99.63 0.37 99.63 0.37
School attendance rate in the measured year 96.08 0.93 96.08 0.93
Indicator variable for children born in 1919 0.09 0.09
Indicator variable for children born in 1920 0.09 0.09
Year of birth 8.49 3.59 8.49 3.59
Year of birth squared 84.96 62.54 84.97 62.54
Distance from Chiba city (km) 36.32 17.59 36.31 17.59
Army height (cm) 159.98 0.41 159.98 0.41
School enrollment rate of the parental generation 89.50 10.09 89.51 10.08
Indicator variable for children who experienced wartime in utero 0.30 0.30
Notes: The numbers of observations for the boy and girl subsamples are 28,280 and 28,286, respectively. The share
of affected households is the number of damaged (collapsed or semi-collapsed) households per 100 households. The
fetal death rate is the number of still births per 1,000 births. Rice yield is the volume of rice yield per 0.1 hectares.
The school enrollment rate and attendance rate are the shares of enrolled and attended children relative to total
school-aged children (Appendix B).
Control variables
First, I used the county-level fetal death rate and rice yield in the birth year to control for
the potential mortality selection effects and wealth levels related to agricultural produc-
tivity, respectively (Bozzoli et al., 2009). Second, the potential sample selection effects
were controlled for by including not only the municipal-level school enrollment rate but
also the county-level school attendance rate in the measured year. Both variables were
interacted with the age fixed effects in the regressions. Third, since our sample included
the 1919–1920 birth cohorts affected by the influenza pandemic, the indicator variables
for these suspicious cohorts were also included (Ogasawara 2017).
For the sensitivity checks, I compiled the following additional variables. First, the
geospatial distance from Chiba city to the center of gravity in each municipality was
used to check whether potential sorting effects via internal migration to a provincial city
disturb our main result. Second, I considered the 10-year lagged adult height from the
army physical examination statistics that record the height of nearly the entire male
population at age 20. This variable was included to capture the genetical effects in height
(Jelenkovic et al., 2016). The school enrollment rate of the parental generation was also
considered to control for changes in parental characteristics (Brown and Thomas, 2016).27
These variables were interacted with the age fixed effects in the regressions. Although our
sample includes cohorts born in the First World War period, it is widely accepted that
the war did not change the daily lives of children in Japan and thus did not influence
their growth patterns (Kudo et al., 1976). However, I do include an indicator variable for
the children in utero in wartime to control for the potential wartime effects (Lee, 2014).
27The years of lag were decided based on the average age at first marriage at that time and availability
of historical documents. See Appendix B.3 for the details.
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Appendix B.3 provides the details on these control variables.
4 Empirical analysis
4.1 Estimation strategy
I use the quasi-experimental estimation strategy proposed by Almond (2006) that matches
the exogenous fetal health shocks with the corresponding birth cohorts. First, I consider
the following baseline specification:
ysta = α+ β1I (YOB=1923)ta + β2I (YOB=1924)ta + x
′
gstaγ + pia + νst + sta (1)
where s indexes schools, t indexes survey years, and a indexes ages. The variable y is
either height or weight, I(·) is an indicator variable that equals one for children born in
1923 or 1924, x is a vector of the municipal- and county-level control variables, pia is the
age fixed effect, ν is the school year-specific fixed effect, and  is a random error term.
Since the earthquake hit on September 1, 1923, the physical and human loss mostly
occurred in that month.28 This timing suggests that children born between September
1923 and July 1924 experienced the earthquake in utero.29 Given that the vulnerable
period for a fetus is eight to 25 weeks gestation, when the proliferation of neuronal elements
and rapid neuron differentiation are observed (Otake and Schull, 1998; Nyagu et al., 2002),
children born between January and March 1924 should have been exposed to stronger
stress. This fact implies that the 1923 birth cohort includes those children most impacted
by the earthquake in utero because children born in 1923 were individuals born between
April 1923 and March 1924 as the academic year starts in April and ends in March in
Japan.30 In this vein, the 1924 birth cohort also includes some children in utero after
September 1923. Therefore, the fetal-origins hypothesis suggests that the adverse health
effects on children should be clearer in the 1923 birth cohort than in the 1924 birth cohort,
and thus I could expect the estimates to satisfy the condition βˆ1 < βˆ2 < 0.
Separating the effects of pre- and postnatal exposure is difficult because no information
on the month of birth is available. In the 1923 birth cohort, children born between April
and August 1923 experienced postnatal earthquake exposure in infancy. The nature
of these data may thus complicate the interpretation of the estimate βˆ1, which could
include the negative effects via the postnatal health shock. To check the potential effect
of postnatal exposure, therefore, I conducted a falsification test by using an indicator for
the 1922 birth cohort, which includes children who experienced negative health shocks
after birth. The insignificant effect on the placebo cohort could support the negligible
effects of postnatal earthquake exposure.
The second specification aims to explore the heterogeneous effects of the earthquake.
As shown in Figure 2a, the degree of physical disruption varied regionally. I employ this
28While the share of extrinsic deaths in total deaths is normally around 1%, this share dramatically
increased to 27% in that month (Appendix A.1).
29The average pregnancy term was nine to 10 months at that time (Tokyo City Office, 1926).
30Hereafter, I simply refer to the 1923 birth cohort instead of the 1923 academic year birth cohort for
simplicity.
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variation in damage as a municipality-specific continuous measure of earthquake stress.
The second strategy is then given as follows:
ysta = κ+ θ0I (YOB=1923)ta + θ1I (YOB=1923)ta × PHSDgs + x′gstaξ + κa + µst + εsta (2)
where PHSDgs is the degree of physical disruption defined as the number of affected
households per 100 households in municipality gs. The other variables are defined as in
Equation (1). The identification assumption herein is independence between the measures
of earthquake stress and the error term conditional on the school year-specific fixed effects
and other control variables. The coefficient of interest is θ1, which measures the extent to
which the 1923 birth cohort effect depends on earthquake stress.
However, the distribution of physical damage is highly skewed, as in the case of the
effect of the Chernobyl radioactive fallout in Sweden (Almond et al., 2009). Hence, to
relax the functional form assumption, I consider a specification that uses the regional
interaction term. I begin by systematically dividing municipalities into several categories
according to the degree of disruption: lower than the 75th percentile (D0 area), between
the 75th and 90th percentiles (D1 area), between the 90th and 95th percentiles (D2 area),
and more than the 95th percentile (D3 area). This corresponds to the fact that D0, D1,
D2, and D3 include municipalities exposed to the Japan Meteorological Agency (JMA)
seismic intensity scale of 5, 6−, 6+, and 7, respectively.
Table 2 summarizes the classification. The mean physical disruption rates (PHSDs)
reported in this table suggest that the physical disruption was concentrated in the D2 and
D3 areas with mean rates of 46.85% and 86.04%. A large number of affected municipalities
were in the Awa and Kimitsu counties (see also Section 2.1). While the municipalities in
the D1 area were moderately affected (13.32%), the municipalities in the D0 area were
rarely physically damaged by the earthquake (0.24%). This distribution of the damage
suggests that the negative effects of the earthquake were obvious in the D2 area and,
especially, in the D3 area. The JMA seismic intensity scale shown in the final column
of Table 2, however, indicates that the minimum value of the intensity scale observed in
the D0 area is approximately 5, which is still a strong vibration given that the maximum
intensity scale is 7.31 Figure 2b illustrates these regions.
If the physical disruption enhanced the earthquake stress placed on the fetus, a higher
degree of disruption may be associated with stronger stunting effects. I thus include
the product terms between the 1923 birth cohort indicator variable and regional indica-
tor variables to allow the effects of earthquake stress to vary across regions. Our third
specification for estimating the treatment effect heterogeneity is given as follows:
ysta = pi + δ0I (YOB=1923)ta + δ1I (YOB=1923)ta ×D3gs + x′gstaζ + ψa + λst + esta (3)
where D3 is an indicator variable that takes one when the D3 area suffered extremely
heavy physical disruption and the other variables are defined as in Equation (1). I expect
that δˆ0 becomes negative as it represents the main effects and that the estimates satisfy
31At scales of 6 and 7, it is difficult or impossible to remain standing and impossible to move without
crawling. People may be flung through the air. At a scale of 5, people are frightened and feel the need to
hold onto something stable (the JMA website: http://www.jma.go.jp/jma/en/Activities/inttable.html,
accessed on July 28, 2017).
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Table 2: Classification of municipalities by physical disruption
Number of Counties mainly Mean of the damaged JMA seismic intensity
Degree of devastation municipalities included households (%) scale 1–7)
D3 (extremely affected) 17 Awa, Kimitsu 86.04 7.0
D2 (highly affected) 17 Awa, Kimitsu, Ichihara 46.85 6.4
D1 (moderately affected) 51 Chosei, Ichihara, Isumi 13.32 5.7
D0 (marginally affected) 261 Chiba, Higashikatsushika, Imba, 0.24 4.8
Isumi, Kaijyo, Katori,
Sanbu, Sousa
Notes: Classification of D0 includes municipalities with damaged households under 2.05 per 100 households. D1 includes municipal-
ities with damaged households of more than 2.05 and less than 30.91 per 100 households. D2 includes municipalities with damaged
households of more than 30.91 and less than 70.72 per 100 households. D3 includes municipalities with damaged households of more
than 70.72 per 100 households. Correspondingly, D0, D1, D2, and D3 include municipalities exposed to the JMA seismic intensity
scale of 5, 6−, 6+, and 7, respectively. I predict the JMA seismic intensity scale by using the procedure proposed by Moroi and
Takemura (1999)and Takemura and Moroi (2002). Appendix B.2 describes the details of this procedure.
the conditions δˆ1 ≤ δˆ0 < 0. Although I focus on the heterogeneity in the effects on the
D3 area herein, the results provide evidence that the negative effects of fetal earthquake
exposure are the strongest in the D3 area, while those effects in the D0–D2 areas are
nearly the same in a statistical sense. I present and discuss these results in the next
section.
I allow the unobserved factor of school to vary over time by introducing a school year-
specific fixed effect in all the specifications presented above (Balazsi et al., 2018).32 The
advantage of this approach is that heterogeneity in the trends of child growth can be
captured non-parametrically.33 Since the identification depends on the within variation
over ages, the increasing trends in growth of child height should be similar over school-
year cells. I confirm that the growth patterns of the sampled children over the measured
years are almost linear and similar (Appendix C.1).
To assess the potential spatial correlation discussed in Section 3, I cluster the standard
errors at the county level. I prefer to cluster at the county level than the municipal
level because regressors grouped at the county level are used (Moulton, 1986, 1990).
Furthermore, I cluster on county rather than county–year pairs as the correlation within
the same county over the measured years may be problematic (Bertrand et al., 2004). To
control for both heteroskedasticity across clusters and correlation and heteroskedasticity
within clusters, I employ the cluster-robust variance estimator as the baseline variance
estimator.34 Although we use the data on average height and weight, the analytical
weights are not used for the regressions because the number of children in each school-
year cell is similar in most cases.
32See also Davis (2002) for the framework of the multi-way error components models.
33 The rising biological living standards of children in prewar Japan might have depended on the overall
improvement in medical care access and/or potential household wealth (Schneider and Ogasawara, 2018).
Our approach can control for these unobserved time-varying trends by using time-varying school-specific
fixed effects. Related to this point, although I used age fixed effects in our baseline models, the results are
unchanged if I used the year of birth and its squared term instead (Section 4.4) since increasing height
and weight over different birth cohorts are effectively captured.
34To deal with the issue of the small number of clusters (13 counties), I further adopt the wild cluster
bootstrap-t method proposed by Cameron et al. (2008). Appendix C.3 confirms that our main results
are largely unchanged.
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(a) Average height (in cm) (b) Average weight (in kg)
Figure 3: Average height and weight of primary schoolchildren
Notes: Source: Created by the author from Tokyo City Office (1925, p. 161).
4.2 Results
4.2.1 Affected cohort effects
Figure 3 illustrates the raw relationship between schoolchildren’s average height and
weight by the year of birth. While there is a general increasing trend in both height
and weight, reduced growth is observed in 1923. Although this figure suggests that a
decline in height for both boys and girls born in 1923, a reduction in weight can only be
observed for girls.
Table 3 presents the results from our first specification denoted in Equation (1). Panel
A of Table 3 shows the estimates of the cohort effects on height. Columns 1–3 present
the results for primary school boys, whereas Columns 4–6 present the results for primary
school girls. Column 1 controls for the age fixed effects and school year-specific fixed
effects. Column 2 adds our baseline control variables: the fetal death rate in the birth
year, rice yield in the birth year, both the school enrollment and the attendance rates,
and the indicator variables for the 1919–1920 birth cohorts to control for the selection
effects, potential wealth level, and effects of fetal influenza exposure. Column 3 includes
both the 1922 and the 1924 birth cohort dummies and control variables. Columns 4–6
correspond to the specifications in Columns 1–3.
Column 1 shows that the estimated coefficient is negative and statistically significant.
The estimate reported in Column 2 is still negative and shares a similar magnitude to
that in Column 1, implying that the potential effects from selection, income, and fetal
influenza exposure do not matter. Column 3 confirms the insignificant effect on the 1924
birth cohort, which is consistent with the fact that this cohort was less impacted by the
earthquake than the 1923 birth cohort as discussed. The estimated coefficient of the
1922 birth cohort is also statistically insignificant. This result suggests that postnatal
earthquake exposure might have little stunting effect on height. Columns 4–6 imply
similar negative effects of fetal earthquake exposure on primary school girls. Our estimates
indicate that the 1923 birth cohort is roughly 0.15 cm shorter than the surrounding
cohorts.35
35 In order to assess for potential omitted-variable bias, I employ the method proposed by Oster (2016).
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Table 3: Effects of the earthquake on child health: birth cohort effects
Primary school boys Primary school girls
(1) (2) (3) (4) (5) (6)
Panel A: Effect on height
1923 birth cohort -0.120*** -0.144*** -0.141*** -0.161*** -0.150*** -0.132**
(0.034) (0.040) (0.046) (0.045) (0.042) (0.048)
1924 birth cohort -0.024 0.038
(0.050) (0.052)
1922 birth cohort 0.035 0.045
(0.041) (0.078)
Panel B: Effect on weight
1923 birth cohort -0.001 -0.023 -0.020 -0.068** -0.079** -0.067**
(0.020) (0.020) (0.024) (0.027) (0.028) (0.030)
1924 birth cohort -0.012 -0.001
(0.040) (0.023)
1922 birth cohort 0.023 0.054
(0.027) (0.032)
Control variables No Yes Yes No Yes Yes
Age fixed effects Yes Yes Yes Yes Yes Yes
School-by-year fixed effects Yes Yes Yes Yes Yes Yes
Notes: The numbers of observations for the boy and girl subsamples are 28, 280 and 28, 286, respectively. ***,
**, and * represent statistical significance at the 1%, 5%, and 10% levels based on cluster-robust variance
estimates, respectively. Standard errors are clustered at the county level.
Panel B of Table 3 shows the estimates of the cohort effects on weight, following
the same column layout. Columns 1–3 show that the effects of the earthquake on boys’
weight are unclear. The adverse effects are much clearer on girls’ weight. The estimated
coefficient of the 1923 birth cohort is negative and statistically significant over different
specifications. Column 6 implies that girls born in 1923 are approximately 0.07 kg lighter
than the surrounding cohorts.
4.2.2 Heterogeneous treatment effects
Our simple models capturing the affected cohort effects suggest a link between fetal earth-
quake exposure and child stunting. I now turn to the main analysis, which considers the
heterogeneity in the intensity of damage at the municipality level.
Figure 4 illustrates the raw comparisons of the changes in the height and weight of
children between the extremely affected region (D3 area) and moderately or marginally
affected regions (D1 and D2 areas). While the height trends for the D1 and D2 areas
are close to those for the entire sample (Figure 3), Figure 4a indicates the relatively clear
declines in the height of both boys and girls born in the D3 area in 1923. The comparison
of the reductions in height suggests stronger negative impacts on girls than boys. Figure 4c
shows a similar tendency for children’s weight but this is rather unclear. While marginal
declines in the weight of boys and girls are seen in the 1923 birth cohort and in both the
1922 and the 1924 birth cohorts, respectively, these changes also seem to be trends in the
area.
Table 4 shows the results from our second and third specifications denoted in Equations
A conservative setting is employed. Maximum R-squared from a hypothetical regression of height on both
observed and unobserved variables is assumed to be one. A value for the relative degree of selection on
observed and unobserved variables is also assumed to be one, implying that the selection in unobservables
is assumed to be equal to the selection on observables. Despite this setting, lower bounds of the 1923
cohort effects in Columns 3 and 6 are estimated to be −0.140 and −0.128, respectively, which are very
close to the estimates. Since Equation (1) is our baseline specification, this result indicates that omitted
variable bias is less likely to be problematic in our regression analysis.
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(a) Average height in the D3 area (b) Average height in the D1 and D2
areas
(c) Average weight in the D3 area (d) Average weight in the D1 and D2
areas
Figure 4: Average height and weight of primary schoolchildren
Notes: Source: Created by the author from Tokyo City Office (1925, p. 161).
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Table 4: Effects of the earthquake on child health by geographic area
Primary school boys Primary school girls
(1) (2) (3) (4) (5) (6) (7) (8)
Panel A: Effect on height
1923 birth cohort -0.153*** -0.160*** -0.143*** -0.141*** -0.122** -0.142*** -0.135** -0.117**
(0.039) (0.040) (0.040) (0.045) (0.046) (0.046) (0.044) (0.051)
1923 birth cohort × PHSD 0.001 -0.004***
(0.001) (0.001)
1923 birth cohort × D1 0.084 0.055
(0.096) (0.136)
1923 birth cohort × D2 0.086 -0.016
(0.259) (0.144)
1923 birth cohort × D3 0.013 -0.004 0.011 -0.355*** -0.363*** -0.354***
(0.091) (0.067) (0.073) (0.076) (0.070) (0.052)
1924 birth cohort -0.024 0.034
(0.050) (0.043)
1924 birth cohort × D3 -0.010 0.085
(0.177) (0.324)
1922 birth cohort 0.031 0.046
(0.045) (0.080)
1922 birth cohort × D3 0.108 -0.038
(0.142) (0.084)
Panel B: Effect on weight
1923 birth cohort -0.026 -0.039 -0.022 -0.019 -0.074** -0.092** -0.077** -0.062*
(0.023) (0.025) (0.021) (0.025) (0.030) (0.030) (0.028) (0.031)
1923 birth cohort × PHSD 0.000 -0.001
(0.001) (0.001)
1923 birth cohort × D1 0.106 0.099
(0.060) (0.066)
1923 birth cohort × D2 0.024 -0.002
(0.052) (0.039)
1923 birth cohort × D3 -0.005 -0.022 -0.015 -0.034 -0.049 -0.104**
(0.031) (0.029) (0.032) (0.070) (0.062) (0.045)
1924 birth cohort -0.011 0.008
(0.040) (0.023)
1924 birth cohort × D3 -0.035 -0.248*
(0.140) (0.132)
1922 birth cohort 0.019 0.058
(0.031) (0.033)
1922 birth cohort × D3 0.081 -0.073*
(0.134) (0.036)
Control variables Yes Yes Yes Yes Yes Yes Yes Yes
Age fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
School year-specific fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Notes: The numbers of observations for the boy and girl subsamples are 28,280 and 28,286, respectively. ***, **, and * represent statistical
significance at the 1%, 5%, and 10% levels based on cluster-robust variance estimates, respectively. Standard errors are clustered at the
county level.
17
(2) and (3). Panel A shows the estimates of the cohort effects on height. Columns 1–4
present the results for boys, whereas Columns 5–8 present the results for girls. Column 1
includes the interaction term between the 1923 birth cohort dummy and PHSD. Columns
2 and 3 use the regional interaction terms introduced in Section 4.1. Column 4 also
considers the potential effects on both the 1922 and the 1924 birth cohorts. Columns 5–8
correspond to the specifications in Columns 1–4.
Columns 1 and 5 show that while the interaction term between the PHSD and 1923
birth cohort indicator is significantly negative for girls, it is insignificant for boys. Columns
2 and 6 show that these results are unchanged if I use the regional interaction terms instead
of the continuous measure of physical disruption to relax the functional form assumption
in the specification, as discussed in Section 4.1. The estimated coefficient of the interaction
term with respect to the D3 area is only negative and statistically significant. This finding
implies that the adverse effects of fetal exposure to the earthquake is much clearer for girls
born in 1923 in extremely affected regions. Column 7 indicates that the height of girls
who experienced the earthquake in utero in the worst affected (D3) area is approximately
0.5 cm (i.e., 0.135 + 0.363) lower than that in the surrounding cohorts. For the other
1923 birth cohorts, the estimated effects are smaller by approximately −0.14 cm. These
heterogeneities in the treatment effects cannot be observed in the 1924 and 1922 birth
cohorts (see Columns 4 and 8). This result is hence consistent with the finding presented
in Section 4.2.
Panel B of Table 4 shows the estimates of the cohort effects on weight. I do not
find a clear relationship between pre- and postneonatal exposure to the earthquake and
the weight of boys. While the main effect on girls’ weight is negative and statistically
significant, it seems to less likely depend on the degree of devastation. Column 8 provides
evidence that pre- and postneonatal exposure to the earthquake have negative weight-loss
impacts on girls.
4.3 Potential relief effects
I next move to the analysis, using the specification that takes the potential relief effects
into account. Soon after the earthquake, Chiba prefecture decided to provide disaster
relief for affected counties, namely Awa, Kimitsu, Ichihara, Higashikatsushika, Cho¯sei, and
Isumi (see Appendix A.4). One can argue that our estimates understate the magnitude
of the earthquake because these compensatory responses might have positive effects on
child health. I thus compile data on the disaster relief expenditure in 1923 to control
for the potential positive effects of the compensatory response. Overall, approximately
12% of people received relief in Chiba prefecture. Of this relief expenditure, 66.5% was
used to provide food and 31.4% was used for temporary housing. However, the relief
effort particularly focused on the Awa and Kimitsu counties, which accounted for 85.3%
and 10.9% of total relief expenditure, respectively. In addition, although the total relief
expenditure was 490,837 yen for the impacted year, this dropped to 2,790 yen in the
following year.36 This means that the relief was considered to be a temporal and one-shot
investment for the affected counties in 1923. This feature of public spending may support
36Although the relief expenditure is also recorded in Division of Social Affairs, Chiba Prefecture (1933a,
pp. 420–421), I used the information reported in the SRCP, which is documented by expense item.
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evidence that Japan was able to quickly recover from these shocks (see Hunter, 2014 for
a discussion).
Table 5 presents the regressions for testing the effects of the relief. Panel A shows the
estimates of the effects on height. Columns 1 and 2 present the results for boys, whereas
Columns 3 and 4 present the results for girls. Columns 1 and 3 present the results for
the specification including the interaction term between the 1923 birth cohort indicator
and relief expenditure per capita (in yen) explained in Section 3. Columns 2 and 4 also
consider the potential relief effects on both the 1922 and the 1924 birth cohorts.
The estimated coefficient of the relief variable is positive and statistically significant
in Column 1. The estimate for the regional interaction term turns out to be significantly
negative as expected. This result is unchanged if I include the 1922 and 1924 birth cohort
variables (Column 2). I find that the height of boys born in 1923 in the worst affected area
is approximately 0.38 cm (0.165 + 0.218) lower than that in the surrounding cohorts if I
ignore the estimated coefficient of the relief variable of 0.091 cm per yen. Note that our
D3 area includes some of the municipalities in the Awa and Kimitsu counties (Table 2).
The per capita relief expenditure for these extremely affected municipalities in the Awa
and Kimitsu counties was 3.21 and 0.46 yen, respectively, and thus the compensating
effects are suggested to be 0.29 and 0.04 cm. This finding suggests that the net stunting
effects of fetal earthquake exposure on boys born in the devastated area in 1923 were
approximately −0.09 (−0.38+0.29) in Awa and −0.34 (−0.38+0.04) in Kimitsu. For the
other counties, the per capita relief expenditure rarely exceeded 0.05 yen, suggesting that
the net stunting effects were nearly equal to the main effects estimated (roughly −0.16
cm).
I find similar results for girls. As expected, a comparison of Column 7 in Panel A
of Table 4 with Column 3 in Panel A of Table 5 shows approximately 1.2 times larger
estimates for the regional interaction term in our specification using the relief variable
(−0.363 vs. −0.440). The estimate for the relief variable is positive but weakly statistically
significant at the 10% level. This result is largely unchanged if I take the 1922 and
1924 birth cohort variables into account. Column 4 suggests that girls born in 1923 in
the worst affected area are approximately 0.58 cm (0.127 + 0.453) shorter than those in
the surrounding cohorts, whereas the compensating effects of the relief are 0.04 cm per
yen. Then, the similar calculation applied for the boy subsample indicates that the net
stunting effects of fetal earthquake exposure on boys born in the D3 area in 1923 were
approximately −0.45 (−0.58 + 0.13) in Awa and −0.56 (−0.58 + 0.02) in Kimitsu. For
the other counties, the net stunting effects were roughly −0.13 cm.
Panel B of Table 5 shows the effects on weight. Overall, the results for weight are
unclear relative to those for height. Column 2 suggests that the weight of boys born in
1923 in the worst affected area is approximately 0.14 kg (0.03 + 0.112) lighter than that
in the surrounding cohorts, whereas the compensating effects were 0.04 kg per yen. The
net stunting effects on boys born in the devastated area in 1923 were then approximately
−0.01 (−0.14 + 0.13) kg in Awa and −0.12 (−0.14 + 0.02) kg in Kimitsu. The estimated
coefficient of the 1923 birth cohort dummy is, however, statistically insignificant, implying
that the main effects of fetal earthquake exposure on boys’ weight are negligible. Moreover,
I do not find any statistically significant compensating effects on girls’ weight as indicated
in Columns 3 and 4. The estimates are similar to those reported in Columns 7 and 8 of
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Table 5: Potential effects of the relief
Primary school boys Primary school girls
(1) (2) (3) (4)
Panel A: Effect on height
1923 birth cohort -0.168*** -0.165*** -0.143*** -0.127**
(0.036) (0.043) (0.046) (0.054)
1923 birth cohort × D3 -0.236*** -0.218*** -0.440*** -0.453***
(0.012) (0.029) (0.084) (0.032)
1923 birth cohort × Relief 0.092*** 0.091*** 0.031* 0.040*
(0.013) (0.013) (0.015) (0.018)
1924 birth cohort -0.026 0.025
(0.054) (0.042)
1924 birth cohort × D3 -0.036 -0.028
(0.244) (0.352)
1924 birth cohort × Relief 0.011 0.046
(0.035) (0.031)
1922 birth cohort 0.034 0.044
(0.046) (0.088)
1922 birth cohort × D3 0.144 -0.052
(0.154) (0.032)
1922 birth cohort × Relief -0.015 0.005
(0.017) (0.030)
Panel B: Effect on weight
1923 birth cohort -0.030 -0.030 -0.081** -0.065*
(0.022) (0.027) (0.030) (0.033)
1923 birth cohort × D3 -0.102*** -0.112*** -0.087 -0.130**
(0.006) (0.005) (0.076) (0.047)
1923 birth cohort × Relief 0.032*** 0.039*** 0.015 0.010
(0.008) (0.011) (0.010) (0.011)
1924 birth cohort -0.015 0.012
(0.044) (0.027)
1924 birth cohort × D3 -0.077 -0.212
(0.178) (0.169)
1924 birth cohort × Relief 0.017 -0.014
(0.025) (0.016)
1922 birth cohort 0.012 0.061
(0.033) (0.036)
1922 birth cohort × D3 0.014 -0.040
(0.174) (0.026)
1922 birth cohort × Relief 0.027 -0.013
(0.017) (0.014)
Control variables Yes Yes Yes Yes
Age fixed effects Yes Yes Yes Yes
School year-specific fixed effects Yes Yes Yes Yes
Notes: The numbers of observations for the boy and girl subsamples are 28,280 and
28,286, respectively. ***, **, and * represent statistical significance at the 1%, 5%,
and 10% levels based on cluster-robust variance estimates, respectively. Standard
errors are clustered at the county level.
Panel B in Table 4, suggesting that the relief policy did not have significant compensating
impacts on the weight of girls. This result is consistent with the weak association between
the relief and girls’ height reported in Panel A of Table 5.
The foregoing result implies that the disaster relief might have played a role in nourish-
ing mothers in devastated areas to a certain extent. Indeed, the average relief expenditure
on food for treated people was 3.8 yen, whereas the average expenditure for food in peas-
ant households in September 1926 was 7.7 yen per family member. Although this is the
most conservative calculation, it suggests that the relief might have provided nearly half of
the monthly food needed.37 In addition, roughly one-third of the relief was used for tem-
porary housing as explained earlier. However, I also find that the disaster relief had little
compensatory effect on girls’ weight. Nevertheless, it is difficult to precisely investigate
the gender bias in the compensatory responses in households because of the availability
37In this calculation, the number of family members includes both adults and infants. These data
are taken from the agricultural households survey conducted between September 1926 and August 1927.
Although the details of the sampling method are unavailable, the number of surveyed households was 670
and those households were sampled from nine prefectures across the Japanese archipelago: Yamagata,
Saitama, Niigata, Nagano, Aichi, Hyogo, Hiroshima, Ehime, and Fukuoka. See Statistical Bureau of the
Cabinet (1929 p. 420).
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of data. I discuss this point further in Section 5.
4.4 Sensitivity analysis
Table 6: Sensitivity checks: results for the alternative specifications
Primary school boys Primary school girls
(1) (2) (3) (4) (5) (6) (7) (8)
Panel A: Effect on height
1923 birth cohort -0.146** -0.169*** -0.150*** -0.176*** -0.113* -0.122** -0.140** -0.117*
(0.055) (0.052) (0.047) (0.051) (0.053) (0.054) (0.060) (0.055)
1923 birth cohort × D3 0.004 -0.219*** -0.217*** -0.213*** -0.363*** -0.455*** -0.455*** -0.468***
(0.072) (0.029) (0.029) (0.035) (0.053) (0.031) (0.030) (0.028)
1924 birth cohort × Relief 0.089*** 0.090*** 0.088*** 0.038* 0.036* 0.038*
(0.013) (0.014) (0.013) (0.019) (0.019) (0.019)
Panel B: Effect on weight
1923 birth cohort -0.017 -0.027 -0.032 -0.027 -0.081** -0.084** -0.106*** -0.084**
(0.028) (0.028) (0.026) (0.028) (0.031) (0.033) (0.034) (0.034)
1923 birth cohort × D3 -0.014 -0.112*** -0.112*** -0.106*** -0.102** -0.130** -0.132** -0.152***
(0.032) (0.006) (0.006) (0.010) (0.044) (0.046) (0.045) (0.049)
1924 birth cohort × Relief 0.040*** 0.039*** 0.044*** 0.011 0.009 0.010
(0.009) (0.010) (0.010) (0.011) (0.011) (0.011)
1922 and 1924 birth cohort variables Yes Yes Yes Yes Yes Yes Yes Yes
Relief interactions for the 1922 and 1924 birth cohorts No Yes Yes Yes No Yes Yes Yes
Age fixed effects Yes Yes No Yes Yes Yes No Yes
Year of birth and its squared term No No Yes No No No Yes No
Baseline control variables Yes Yes Yes Yes Yes Yes Yes Yes
Additional control variables Yes Yes Yes Yes Yes Yes Yes Yes
Observations 28,280 28,280 28,280 27,846 28,286 28,286 28,286 27,906
Notes: The 1922 and 1924 birth cohort variables include the indicator variables and regional interaction terms for the 1922 and 1924 birth
cohorts. The baseline control variables include birth year rice yield, the birth year fetal death rate, the school enrollment rate, the attendance
rate, and the indicator variables for flu pandemic years. Additional control variables include the distance from Chiba city, average adult
height of the parental generation, school enrollment rate of the parental generation, and an indicator variable for children born in wartime.
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels based on cluster-robust variance estimates, respectively.
Standard errors are clustered at the county level.
I turn to the sensitivity analyses using alternative specifications and balanced samples.
Table 6 presents the results. For all the specifications, I include the additional control
variables introduced in Section 3: the geospatial distance from Chiba city to the center of
gravity in each municipality, 10-year lagged height of adult men aged 20 from the army
physical examination records, school enrollment rate of the parental generation, and an
indicator variable for children in utero during wartime. Although the indicator variables
for the 1922 and 1924 birth cohorts as well as the regional interaction term and relief
variable were also included in all the specifications, I do not report the estimates in the
table because no statistically significant results for these variables were found.
Columns 1 and 5 correspond to the specification in Columns 4 and 8 of Table 4. Simi-
larly, Columns 2 and 6 correspond to the specification in Columns 2 and 4 of Table 5. The
results are largely unchanged, implying that the potential stunting effects from internal
migration, genetic features, the socioeconomic background of the parents (that might have
affected the preference for child investment), and outbreak of war were not significant.
Columns 3 and 7 use the year of birth and its squared term instead of the age fixed effects.
The estimates are stable, meaning the trends in outcomes over different birth cohorts are
effectively dealt with in our models as discussed in Section 4.1. Finally, Columns 4 and
8 use same specification as in Columns 2 and 6 of Table 6 but a balanced sample. The
results confirm the robustness of our estimates. This finding is consistent with the fact
that our data are highly balanced (see Section 3).
In addition to those checks, the inference based on the wild cluster bootstrap-t method
robust to a small number of clusters also confirms the robustness of our baseline results.
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Appendix C.3 reports the results. I also tested the potential for catch-up growth in the
later primary school ages for the 1923 birth cohort in Appendix C.4 (Frankenberg et al.,
2017). The result suggests that there was no evidence for catch-up growth among primary
school children and, thus, fetal exposure to the earthquake may have exerted persistent
stunting effects on the exposed cohorts of students, globally.
5 Discussion
5.1 Magnitude and gender differences
I find that the estimated effects of fetal earthquake exposure are negative and that the
magnitude increases with the degree of devastation. According to our estimates, the
heights of boys and girls who experienced the earthquake in utero in the devastated area
are potentially 0.4 and 0.6 cm lower than those in the surrounding cohorts, respectively.
Between the moderately and marginally affected areas, there are no statistically signifi-
cant differences in the effects, suggesting that the heights of children are roughly 0.1–0.2
cm shorter than those in the surrounding cohorts. Our estimates also imply that prenatal
exposure is more important than postnatal exposure for explaining the health of children.
Similarly, weights of children born in the devastated area and in moderately or marginally
affected areas are roughly 0.2 and 0.1 kg lighter than in the surrounding cohorts, respec-
tively. I find that, however, the negative effects on weight are more likely to be unclear
than those on height.
Our results are consistent with the negative pregnancy outcomes found in studies ana-
lyzing the impact of prenatal exposure to earthquakes (Glynn et al., 2001; Torche, 2011).
Since the present study is the first to find the stunting effects of fetal earthquake exposure,
comparing our findings with the corresponding literature investigating the association be-
tween fetal shocks and health outcomes is more relevant for interpreting the magnitude
of our estimates. Studies in this field have indeed found the negative effects of fetal expo-
sure to infectious diseases. Mazumder et al., (2010) observed a 0.1 cm decline in the final
height of a 1919 birth cohort exposed to the pandemic influenza in the United States.
Ogasawara (2017) and Ogasawara and Inoue (2018) also found similar stunting effects
(0.1–0.2 cm) in fetal exposures to the pandemic influenza and cholera in both children
and adult males at the end of the nineteenth and early twentieth century in Japan. Our
estimates for the highly affected areas, i.e., half a centimeter, are slightly larger than these
figures. Mazumder et al., (2010) argue that the 1919 birth cohort in the United States,
which experienced a 0.1 cm decline in final height, had faced a 5% higher probability of
having cardiovascular diseases in old age (see also Lawlor et al., 2002, 2004). Barker et
al., (2005) found that 0.5 cm child stunting can be associated with roughly 1% decline
in later-life income, whereas a recent comprehensive review by McGovern et al., (2017)
interprets that 0.5 cm stunting is associated with a decrease in wages of 2–3% on average.
Considering such evidence, one must be careful not to attach too much importance to the
potentially perilous slight decline in height.
I finally discuss the gender differences in the estimated magnitude. According to our
estimates reported in Section 4.4, the stunting effects on girls’ height in Awa county’s
devastated area are estimated to be roughly 1.5 times (0.58/0.38) greater than the effects
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on boys. If I take the potential compensating effects of the disaster relief into account,
this stunting effect is then increased to 5 times (0.45/0.09) because the compensating
impacts are estimated to be greater for boys. Appendix C.5 confirms that these gender
differences are statistically significant.
This result suggests then that the long-run effects of fetal earthquake exposure on
child growth is clearer for girls than boys, consistent with the finding that the negative
effects of fetal pandemic flu exposure are more obvious in girls (Ogasawara, 2017). One
possible factor behind such gender bias is the official family system called ie regulated by
the prewar Civil Code that adds dictatorial power to allocate resources to the head of the
household (i.e., the first-born son). This institution indeed caused a household resource
allocation away from girls (Ramseyer, 1996). Hence, the disaster relief might have been
more available to boys than girls given the beliefs of this institution. Our finding is also
in line with that of Parman (2015), who shows that household resources were reallocated
in response to fetal exposure to the 1918 influenza pandemic. He finds that parents with
a child exposed to the flu in utero reallocated their resources to the child’s older siblings,
which led to higher educational attainment for these siblings.
The compensating responses, however, might not fully explain the gender differences
observed in prewar Japan. Indeed, our result is slightly puzzling given the evidence
from related studies that males are more likely to be sensitive to external shocks in
utero. For East Asian countries that have a similar son preference, Lee (2014) finds that
prenatal exposure to the Korean War imposed stronger negative effects on male health
and socioeconomic status in Korea. Lin and Lie (2014) also show that pandemic influenza
had negative impacts on the height of males but not on the height of females in Taiwan.
These adverse effects against males have also been observed in western countries (Neelsen
and Stratmann, 2012; Mazumder et al., 2010; Garthwaite, 2008).
Another potential explanation of our results is that weaker males were culled at birth,
meaning that weaker stunting effects were observed on those that survived. The official
statistics of Chiba, however, indicate that the secondary sex ratio was stable around 1.05
from 1922 to 1924 and did not show a decreasing trend after September 1923 (Statistics
Bureau of the Cabinet, 1924b, 1925a, 1925b, p. 63). Unfortunately, the ratio in the
devastated area is not reported in the official reports, which makes it difficult to speculate
about the extent of any culling effects. In any case, although it is difficult to precisely
detect the potential mechanisms of the gender differences, the findings presented herein
could provide evidence that a catastrophic earthquake places persistent stress on the
growth of children in a developing economy.
5.2 Global or local effects?
To further explore the extent to which earthquake events affect the development of chil-
dren, I compile a prefecture-level multidimensional panel dataset by using the Statistics
of School Physical Examination (SSPE) published by the Physical Education Bureau,
Ministry of Education. This dataset covers more than 95% of all primary school-aged
children in 47 prefectures between 1929 and 1935 (see Appendix B.5 for details).
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Table 7: Results for the prefecture-level data
Primary school boys Primary school girls
(1) (2) (3) (4) (5) (6)
Panel A: Effect on height
1923 birth cohort 0.047* 0.038 0.029 0.008 0.019 0.004
(0.027) (0.029) (0.041) (0.035) (0.039) (0.046)
1923 birth cohort × MAP 0.007 -0.016 -0.044 -0.043
(0.132) (0.142) (0.070) (0.067)
1923 birth cohort × AP 0.070 0.077 -0.059 -0.026
(0.047) (0.046) (0.070) (0.067)
Panel B: Effect on weight
1923 birth cohort 0.074* 0.071 0.101 0.017 0.016 0.009
(0.040) (0.042) (0.072) (0.026) (0.026) (0.034)
1923 birth cohort × MAP -0.009 -0.037 -0.063*** 0.039
(0.027) (0.037) (0.023) (0.028)
1923 birth cohort × AP 0.025 0.019 -0.033 0.000
(0.026) (0.027) (0.030) (0.029)
1922 and 1924 birth cohort variables No No Yes No No Yes
Control variables Yes Yes Yes Yes Yes Yes
Age fixed effects Yes Yes Yes Yes Yes Yes
Prefecture year-specific fixed effects Yes Yes Yes Yes Yes Yes
Notes: The number of observations is 1,974. The 1922 and 1924 birth cohort variables include
the indicator variables and regional interaction terms for the 1922 and 1924 birth cohorts. ***,
**, and * represent statistical significance at the 1%, 5%, and 10% levels based on cluster-
robust variance estimates, respectively. Standard errors are clustered at the prefecture level.
The regression specification is
ypta = ω + ρ0I (YOB=1923)ta + ρ1I (YOB=1923)ta ×MAPp + ρ2I (YOB=1923)ta ×APp
+z′ptaψ + κa + ϕpt + υpta
(4)
where MAP and AP are indicator variables that take one for marginally affected pre-
fectures (Saitama, Shizuoka, Yamanashi, and Ibaraki) and affected prefectures (Tokyo,
Kanagawa, and Chiba), respectively. A vector of the control variables z includes the rice
yield in the birth year, fetal death rate, school enrollment rate, and indicator variables
for the 1919 and 1920 birth cohorts in utero during the influenza pandemic. Additional
controls include the infant mortality rate in the birth year and the school enrollment rate
of the parental generation. All regressions are weighted by the number of people in each
prefecture-year cell and standard errors are clustered at the prefecture level.
Table 7 presents the results. Columns 1 and 4 show that the estimated coefficients of
the indicator variable for the 1923 birth cohort are positive but close to zero. Columns 2
and 5 introduce the interaction term between the cohort dummy and indicator variables
for the marginally affected area (MAP) and affected area (AP), whereas Columns 3 and 6
add the 1922 and 1924 birth cohort variables. Clearly, no stable stunting effects on either
girls or boys can be seen. Although Panel B of Column 5 suggests a negative effect on girls’
weight in the marginally affected area, this effect becomes statistically insignificant after
controlling for the surrounding cohort effects as in Column 6. The estimated coefficients
of the interaction terms are negative for girls’ height in Column 6, albeit not statistically
significant.
Overall, these results suggest that the negative effects of fetal earthquake exposure are
limited to the local level and cannot be observed more broadly. This finding is consistent
with the evidence from a recent study that argues that earthquakes had shorter-term
impacts in the market economy in prewar Japan (Hunter and Ogasawara, 2018). 38
38A potentially important suggestion from our results is that I may face a measurement error issue
when estimating the impacts of local-scale disasters on human health if I use data aggregated across wide
24
6 Conclusion
This study used a catastrophic earthquake from the 1920s to analyze the lingering effects of
a one-off disaster on the child health. I found that fetal earthquake exposure had stunting
effects on primary schoolchildren and that the magnitude of such an effect increased with
the degree of earthquake stress. The clear effects of prenatal exposure to an earthquake
rather than postnatal exposure are also suggested. However, our result drawn from using
prefecture-level data implies that these stunting effects were limited to the local level as the
physical disruption was concentrated on particular municipalities in a certain prefecture.
Our findings provide evidence of the persistent effects of natural disasters on child
growth. While the impacts of fetal damage on infants and adults have been widely
studied (Almond and Currie, 2011), the adverse effects of fetal exposure on children are
relatively understudied (Rosales-Rueda and Triyana, 2018). Moreover, the association
between earthquake events and child health and growth has recently attracted attention
in epidemiology (Matsubara et al., 2016, 2017).
A growing body of the literature has found that less developed countries are more
vulnerable to natural disasters than are developed nations (Noy, 2009; Akter and Mallick,
2013). Accordingly, investigating the consequences of disasters on human health in an
industrializing country is necessary. In addition, while the fetal-origins hypothesis has
been widely investigated for western developed countries, this study is the first to provide
evidence of the long-run effects of a historical earthquake in a previously-developing Asian
county.
This study also offered fruitful evidence for the earthquake literature in economics.
The economic impact of earthquakes, particularly those of the early 20th century, has
been relatively neglected (Noy, 2009; Hallegatte and Przluski, 2010; Cavallo and Noy,
2011; Caruso and Miller 2015). Among the scarce literature on this topic, the health
impact of an earthquake has not thus far been understudied. This study bridged this
gap in the body of knowledge by examining the long-run effects on child growth using
comprehensive school physical examination records from early 20th century Japan.
Our evidence from industrializing Japan is, however, not without its limitations. Given
the scarcity of individual-level data in prewar Japan, I used a school year-level panel
dataset with geospatial variations in the physical devastation due to earthquakes. Apply-
ing these exogenous variations due to earthquakes to a child-level panel dataset with a
precise date of birth is thus an avenue for future work.
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(a) Number of extrinsic deaths (b) Proportion of extrinsic deaths (%)
Figure A.1: Extrinsic deaths in Chiba in 1923
Notes: The proportion of extrinsic deaths is defined as the number of extrinsic deaths relative
to total deaths. Sources: Calculated by the author from Statistics Bureau of the Cabinet
(1922a-1928a).
Figure A.2: Extrinsic death rate in Chiba between 1919 and 1927
Notes: The extrinsic death rate is defined as the number of extrinsic deaths per 10,000 people.
Sources: Statistics Bureau of the Cabinet (1922a-1928a).
Appendix A Background appendix
A.1 Excess extrinsic deaths
Figure A.1a confirms the dramatic increase in extrinsic deaths in September 1923. The
striking fact is that the number of female extrinsic deaths is greater than that of males.
This tendency does not change if I divide the number of deaths by total male and female
monthly deaths in 1923 (Figure A.1b).
Figure A.2 shows the extrinsic death rate, defined as the number of extrinsic deaths
per 10,000 people, in Chiba between 1919 and 1927. The extrinsic death rate for males
was slightly higher than that for females, reflecting the number of extrinsic deaths in
outside workplace. However, the small disparity in the male and female death rates of
1923 suggests that women were more likely to have been affected by the earthquake, which
struck households around lunchtime when most wives had cooked their family’s meal at
home. This may have caused such a gender disparity in the death rate.
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Figure A.3: Spatial distribution of victims (per 100 people)
in Chiba prefecture
Note: The number of victims is defined as the number of deaths, missing people, and injured
people due to the earthquake. Source: Division of Social Affairs, Chiba Prefecture 1933b.
A.2 Spatial distribution of the victims
Figure A.3 shows the spatial distribution of the number of deaths, missing people, and
injured people due to the earthquake per 100 people (see also Appendix B.2). This figure
shows a similar but regionally smaller spatial distribution compared with that of affected
households in Figure 2a. Indeed, while 27.8% of municipalities (97 out of 349) had victims,
53% suffered household damage (Section 2.1).
A.3 Government intervention
In Japan, the state’s responsibilities to support citizens exposed to disasters was well
established by the late 19th century. Thus, the central and municipal authorities could
quickly step in to reduce the threat of political, economic, and social disorder (see Hunter,
2014, pp. 758–761).
The authorities declared martial law and established the Emergency Disaster Relief
Board soon after the earthquake, on September 2. At the same time, the Emergency
Requisitioning Ordinance allowed the authorities to command food, building materials,
sanitation materials, transport, and any other designated commodities as well as labor
to maintain the supply of necessities. On September 7, the Antiprofiteering Ordinance
was then enforced. The Emergency Goods Provision Ordinance was also introduced on
September 22 to ensure the supply of necessary goods. The military, Foreign Ministry, and
three large trading houses were involved in the transport, negotiation, and distribution of
these goods.
The suspension or reduction of import tariffs until March 31, 1924 was introduced on
September 11. The main items for the regulation were foodstuffs and construction mate-
rials. To ensure credit and liquidity in the financial market, a one-month moratorium for
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the settlement of commercial bills and repayment of debts was introduced on September
7. Division of Social Affairs, Chiba Prefecture (1933a, pp. 42–66) describes the finer
details of these interventions.
A.4 Emergency response by Chiba prefecture
Within a day of the earthquake striking, Chiba prefecture did not have any way of knowing
the miserable situation in the south-coast counties of Awa and Kimitsu.39 As described
in Section 2.1, the production of newspapers as well as postal, telegraph, and telephone
services stopped completely. Accordingly, the prefecture organized a headquarters for
emergency disaster control on the same day and determined the relief expenditure for the
affected counties described in Section 5.2. During this procedure, a ship from the fisheries
experimental station in Awa arrived at Chiba city and returned to Tateyama port on
September 4 piled with 100 straw rice-bags and additional food.
Since the telegraph and telephone services had stopped, the Tokyo and Chiba prefec-
ture offices used war pigeons to make contact. The Chiba office and Funabashi town close
to Chiba city used temporary radiotelegraph provided by the Yotsukaido military school.
The police telephone of Awa county recovered on September 5. As for the medical re-
sponse, the prefecture dispatched doctors and 12 medical students from Chiba University
to affected municipalities on September 3 and 4, respectively. From September 10, relief
parties with 50 people from Fukuoka prefecture located 900 km away from Chiba were
dispatched. On September 21, 328 patients were treated in the prefecture. The temporary
medical stations were closed in mid-October 1923, about one-and-a-half months after the
earthquake.
While temporary refugees from Tokyo reached 115,407 people by September 13, this
figure declined to 37,342 by the end of October. These people used temporary housing
constructed in shrines and temples, leading them to suffer from diarrhea, typhoid fever,
and dysentery. On September 9 and 10, the prefecture instructed the police to maintain
sanitary conditions in this housing.40 Total donations from inside and outside the prefec-
ture reached 74,000 yen by the end of August 1924. A large part of these donations were
used to reconstruct buildings such as shrines, markets, schools, and assembly halls.41
Appendix B Data appendix
B.1 Biological measures
In prewar Japan, physical examinations had to be conducted in April of each year for all
schools in all prefectures under the Official Regulations for School Physical Examinations
for Students of 1897. The SSPE, compiled by the Physical Education Bureau, Secretariat
of Education, which recorded the statistics for each prefecture, remained for the interwar
period (see Appendix B.5). The coverage of the information on physical measures reported
39The descriptions in this section are taken from Social Welfare Bureau of the Cabinet (1926, pp. 1035–
1047).
40Division of Social Affairs, Chiba Prefecture (1933a, pp. 314–322).
41Division of Social Affairs, Chiba Prefecture (1933a, pp. 449–453).
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Figure B.1: An example of the SSPE
Note: This table shows the height (in shaku) of boys aged 6–15 for several schools in Awa.
Source: Secretariat of Chiba Governor (1926).
in the SSPE is considerably high as all students should have been investigated. The SSPE
covers approximately 95% of the population aged 6 to 11 (Ogasawara, 2017).
For some prefectures, the original school-level statistics for the SSPE can be obtained.
The school-level multidimensional panel dataset used in this study is constructed from
the Chiba prefecture part of the SSPE (1925–1935 editions) named Seitojido¯ shintaikensa
to¯kei (statistics of physical examinations for students; SPES) published by Chiba prefec-
ture between 1925 and 1936.42 Figure B.1 shows an example of the content of the SPES.
According to the statistics of the SSPE (1938 edition) and the 1935 Population Census,
the number of examinees and children aged 6–11 in Chiba prefecture are 218,136 (108,792
girls) and 228,594 (113,756 for girls), respectively.43 This means that approximately 95%
of primary school-aged children in Chiba were covered in the SPES. The physical exami-
nation was conducted by school doctors. The SPES reports that 564 school doctors relied
on the physical examinations in Chiba in 1935, implying there was more than one doctor
per school.44 This fact suggests that the shortage of doctors for physical examinations
did not matter at that time and supports the accuracy of the statistics I used.
Regarding the sample used in our analysis, I excluded some observations because
of outliers, missing values, and consolidations of the municipalities. For the outliers, I
removed samples that exceeded µ ± 7σ in height.45 Five of the 349 municipalities were
dropped because of missing data and municipality consolidation. As a result, 56,502 of
56,981 original samples were used in the analysis. Among the 9,458 school-year-sex cells,
98.2% were balanced and 1.64% had only one missing observation, while 0.11% had more
than two missing observations. The number of schools from 1925 to 1935 was 429, 429,
429, 433, 434, 433, 433, 432, 428, 427, and 422, respectively.
42The SPES originally consisted of two reports that contained similar information: the Gakko¯ seitojido¯
shintaikensa to¯kei published in 1925 and from 1927 to 1934 (data for 1925–1934) and the Seitojido¯
shintaikensa to¯kei published in 1936 (data for 1935). I uniformly refer to these publications as the SPES
(1925–1935 editions) for simplicity.
43The number of examinees is taken from Physical Education Bureau, Ministry of Education (1942,
p. 7; p. 23). The number of children is taken from Statistics Bureau of the Cabinet (1938, p. 35).
44The same is true for the other survey years (Chiba Prefecture, 1936, p. 1).
45Errata were corrected. For instance, if the sequence of height (in cm) from ages 6 to 11 was 109, 218,
123, 125, 128, and 130, I corrected the second observation to 118 because a height of 218 cm is clearly
unrealistic for a seven-year-old and thus can be regarded as a typo.
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The main potential issue raised from the nature of the school-level data was internal
migration across municipalities. However, it is widely accepted that the internal migration
of primary schoolchildren in the interwar period was limited (Nakagawa, 2001, p. 42). To
confirm this argument for our dataset, I computed the proportion of children aged 0–9 who
live in their place of birth to total children at the same age by using the 1930 Population
Census (Statistics Bureau of the Cabinet, 1931). The result showed that approximately
94% of children were born in the current municipality. Note that the age ranges reported
in the census are systematically divided into 0–9 and 10–14 years. The same proportion for
children aged 10–14 is still high with approximately 90%. Children aged 12–13 graduate
from primary schools and are more likely to have jobs in other municipalities. Thus,
I regard the figures on children aged 0–9 as plausible for primary schoolchildren. This
implies that roughly 94% of primary schoolchildren did not leave their original places
until finishing primary school.
B.2 Degree of physical disruption
I used data on physical disruption, namely the number of affected households in each
municipality, as the variable representing regional variations in the intensity of earthquake
stress.
The information on damage in each municipality was obtained from the Taisho shin-
saishi (history of the Taisho¯ earthquake; HTE) published by Social Welfare Bureau of
the Cabinet (1926). The damage reported in the HTE is based on the official survey
conducted by the prefecture on November 15, 1923 (see Division of Social Affairs, Chiba
Prefecture, 1933a, pp. 412–420). Since more than two months had passed since the earth-
quake, the number of damaged households reported is considered to be accurate. One
observation (Nakagawa village in Kimitsu county) showed an unrealistically large value in
the number of affected households. This was considered to be a misprint and was replaced
with the figure reported in Volume 2 of Taisho¯daishinsai no kaiko to sonofukko¯ (memoirs
and reconstruction of the great earthquake in Taisho¯; MRGE) published by the Division
of Social Affairs, Chiba Prefecture in 1933. The figure for Nakagawa village reported in
the MRGE is based on the survey conducted by the prefecture on October 3, 1923, one
month after the earthquake (Division of Social Affairs, Chiba Prefecture 1933b, pp. 2–3).
In the HTE, “collapsed,” “semi-collapsed,” “washed out” (by tsunami), and “burnt
down” are reported as affected households. Therefore, I define the affected household
rate (named the PHSD in the main text) as the number of affected households per 100
households in each municipality. The number of households in each municipality is taken
from the 1920 Population Census (Statistics Bureau of the Cabinet, 1924a). This in-
formation is based on the complete survey on October 1, 1920. According to the 1925
Population Census, the number of households increased from 259,026 in 1920 to 270,796
in 1925 (Statistics Bureau of the Cabinet, 1926). Assuming this increasing trend, total
households around 1923 might have increased by roughly 5,900 households from 1920, ac-
counting for approximately 17 households more per municipality. This figure accounts for
just a 2.3% increase per municipality based on 1920 values. Thus, the data from the 1920
Population Census would still be plausible to use as a proxy of the number of households
in municipalities around the time of the earthquake hitting.
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(a) Tateyama town
(b) Funagata town
Figure B.2: Devastation in Tateyama and Funagata towns in Awa
Source: Division of Social Affairs, Chiba Prefecture (1933a).
The spatial distribution of this physical disruption measure in Figure 2a shows that
the physical damage was highly concentrated in the southern area in Awa county. The
spatial distribution of victims has a similar distribution to that of affected households
(Figure A.3). The example pictures in Figure B.2 illustrate the devastation in Awa,
confirming the validity of our measure of earthquake stress.
Figure B.3 shows a map of soil compaction in Chiba prefecture, based on boring
data. In this map, areas with red (blue) meshes are more (less) likely to be affected by
the earthquake. The interesting fact is that the physical disruption in Figure 2a shows
the opposite distribution of affected households. This fact implies that our key measure
of earthquake stress does not depend on soil compaction, which can correlate with the
potential spatial distribution of industries and agricultural production.46 As discussed in
Section 2.1, the distribution of physical disruption used is more likely to be dominated
by the distribution of the fault plane (Kamogawa teichi active fault), which snakes across
Awa county.
In Section 4.2, I reported the Japanese intensity scale to discuss the intensity of the
46Note that the SI values are shown in each 250-m meshes in Figure B.3, albeit the data are investigated
in 2011. This means that the map could show nearly the same distribution of soil compaction in the
early 20th century.
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Figure B.3: Soil compaction in Chiba prefecture
Notes: Areas with red (blue) meshes are more (less) likely to be affected by the earthquake. This
map is created based on boring data in 2011 (approximately 50,000 observations). Source: Web-
page of Chiba prefecture http://www.bousai.pref.chiba.lg.jp/portal/05 sonae/58 hazard/ejk/pdf/
yure/yure all.pdf, accessed on July 22, 2017.
earthquake in each regional treatment group. To calculate the seismic intensity scale, I
first predicted the collapse rate from the PHSD following Moroi and Takemura (1999).
The proposed prediction equation is based on data on collapsed wooden houses from the
Hyo¯goken-Nanbu Earthquake of 1995 and given as follows:
Collapse Rate = −1.61 + 0.46× PHSD + 0.0051× PHSD2 (5)
where the PHSD is the physical disruption rate defined above. Then, the predicted
collapse rate is converted into seven categories of the JMA seismic intensity scale (shindo)
based on Takemura and Moroi (2002): the rate greater than 80% is defined as upper 7
(7.25), greater than 30% and less than 80% is defined as lower 7 (6.75), greater than 10%
and less than 30% is defined as upper 6 (6.25), greater than 1% and less than 10% is
defined as lower 6 (5.75), greater than 0.1% and less than 1% is defined as upper 5 (5.25),
and less than 0.1% is defined as lower 5 (4.75).
However, this intensity scale only represents the strength of the vibration. Moreover,
the prediction equation of 5 is derived based on data on the 1995 earthquake. Since
Japanese wooden houses today are more robust against earthquake damage than those in
the prewar periods, this prediction equation could lead to bias in the fitted values. Thus,
I still prefer to use the measure of physical disruption as our measure of earthquake stress,
as this can reflect the real intensity of physical damage in each municipality.
B.3 Control variables
The birth year fetal death rate, defined as the number of fetal deaths per 1,000 births,
is used in our analysis to capture the initial standards of living in the birthplace county.
This variable is also used as a variable representing the mortality selection. Data on fetal
deaths as well as live births between 1913–1921 are taken from the Statistical Report of
Chiba Prefecture (SRCP) (1913–1921 editions) published by Chiba prefecture between
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1915 and 1922. The missing values for 1922–1924 and 1926–1929 are linearly interpolated
by using the values of 1921, 1925, and 1930. Data on fetal deaths and live births in
1925 and 1930 are taken from the Shicho¯sonbetsu jinko¯do¯tai to¯kei (Vital statistics for
municipalities, 1925 and 1930 editions) published by the Statistics Bureau of the Cabinet
in 1927 and 1933, respectively. Data on rice yield (hectoliter per 0.1 ha) are taken from
the SRCP (1913–1930 editions) published by Chiba prefecture between 1915 and 1931.
Data on the school enrollment rate are taken from the SRCP (1925–1935 editions)
published by the Chiba prefecture between 1927 and 1937. As described by Hijikata
(1994, p. 13), the school enrollment rate is defined as
School Enrollment Rate = 100× Students aged 6–13 + Graduates aged 6–13
Children aged 6–13
. (6)
The school enrollment rate was stable around 95% across the sample period. This fact
supports the evidence that our sample can represent the entire population of primary
school-aged children in Chiba prefecture. The county-level school attendance rate is also
taken from the SRCP (1925–1935 editions).
In the sensitivity analysis, I added the height of adult men at age 20 from the army
physical examination records to control for the potential genetic effect in the anthropo-
metric measure. To do so, I first calculated the average age at first marriage around
1923. According to the Vital Statistics of 1923, the average age at first marriage of men
in Chiba prefecture was approximately 27 years (Statistics Bureau of the Cabinet, 1925a,
pp. 18–21). Thus, I could guess that a husband had his first child at age 28 on average.
Since the year of birth of the sampled children ranged from 1914–1929, the estimated year
of birth of their fathers may range from 1886–1901. This fact implies that the years for
the army physical examinations at age 20 would range from 1906–1921. Unfortunately,
the data on army height in Chiba can only be obtained from the 1915 edition of the SRCP.
Accordingly, I used the 1915–1925 editions of the SRCP to match the 10-year lagged army
height to the measured years, 1925–1935, instead. Therefore, this variable represents the
final height of adult men in the 10 years before the measured year.
To control for parents’ socioeconomic characteristics, I include the primary school
enrollment rate of the parental generation in the sensitivity analysis. The Vital Statistics
of 1923 report that the average age of women at first marriage in Chiba was 23 years,
implying that they might have had their first child at 24 on average (Statistics Bureau of
the Cabinet, 1925a, pp. 18–21). Since this age for men is 28 as noted, one can guess that
the average age of parents is roughly 26 years. Given the year of birth of the sampled
children described above and primary school entrance age of 6, one may want to use the
enrollment rates from 1894–1909, namely the 20-year lagged rate from the year of birth.
However, since the data are severely limited before 1896, I use the 1897–1912 editions of
the SRCP to establish the primary school entrance rate of the parental generation. This
means that I use the 17-year lagged rate from the year of birth.
B.4 Geospatial information
I first compiled the shapefile that includes the geospatial information of Chiba prefecture
in 1920 from the database of the Ministry of Land, Infrastructure, Transport and Tourism
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of Japan: http://nlftp.mlit.go.jp/ksj/jpgis/datalist/KsjTmplt-N03.html (last accessed on
May 22, 2017). The municipality of each school was investigated by using Kaitei shicho¯son
binran (Handbook of municipalities, revised edition) (Bunmeido¯ 1915, pp. 1–27). The
distance from Chiba city to the center of gravity in each municipality used in the sensitivity
analysis was calculated by using information on longitude and latitude. The location of
the hypocenter was based on the official database of the JMA: http://www.data.jma.go.
jp/svd/eqdb/data/shindo/index.php (last accessed on January 9, 2018).
B.5 Prefecture-level physical examination dataset
As described in the main text, the results of the physical examinations conducted in
April in all primary schools were recorded every year across Japan. The prefecture-level
data on child height used in this study were constructed from the 1929–1936 editions of
the SSPE, Ko¯shiritsu sho¯gakko¯ chu¯gakko¯ ko¯to¯jyogakko¯ seitojido¯ sintaikensa to¯kei (SSPEs
for public and private primary schools, junior high schools, and girls high schools in
each prefecture and area), which is a statistical report including the results of these
physical examinations (see Appendix B.1). These reports were published by the Physical
Education Bureau, Secretariat of Education in 1931, 1937, and 1938. Although the data
on 1937–1939 are available from other related reports, I did not use these editions to
eliminate the potential negative wartime effects after 1937, the Second Sino–Japanese
War. According to Ogasawara (2017, 2018) and Schneider and Ogasawara (2018), who
first used almost the entire SSPE dataset, the SSPE sample for primary schoolchildren
covers approximately 95% of all children aged 6–11.
Data on the birth year infant mortality rate, defined as the number of infant deaths per
1,000 live births, are taken from the Vital Statistics of Empire Japan and Vital Statistics
of Japan published by the Statistics Bureau of the Cabinet. Data on the school enrollment
rates are taken from the Annual Report of the Japanese Imperial Ministry of Education
(ARJIM) (1932–1953 editions) published by the Ministry of Education between 1906 and
1929. The definition of the school enrollment rate is described in Equation 6. The popula-
tion in each year used as the analytical weight is obtained from the online database of the
Statistical Survey Department, Statistics Bureau, Ministry of Internal Affairs and Com-
munications (http://www.stat.go.jp/data/chouki/zuhyou/02-05.xls, accessed on July 13,
2017). Table B.1 shows the summary statistics.
Appendix C Empirical analysis appendix
C.1 Trends in height and weight
Figures C.1a and C.1b present the height of boys and girls by age and measured year,
respectively. Similarly, Figures C.1c and C.1d present the weight of boys and girls, respec-
tively. The trends of height and weight show near parallel translation over the measured
year in both sexes, suggesting that the trends in child development are similar during our
sample periods.
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Table B.1: Summary statistics of the prefecture-level data
Boys Girls
Mean Std. Dev. Mean Std. Dev.
Height (cm) 120.33 8.01 119.37 8.35
Weight (kg) 23.04 3.62 22.52 3.89
Indicator variable for children born in 1923 0.14 0.14
Marginally affected area (MAP) 0.09 0.09
Affected area (HA) 0.06 0.06
Rice yield in the birth year 33.68 6.64 33.68 6.64
Fetal death rate in the birth year 59.10 15.07 59.10 15.07
School enrollment rate 99.57 0.19 99.57 0.19
Indicator variable for the 1919 birth cohort 0.05 0.05
Indicator variable for the 1920 birth cohort 0.07 0.07
Infant mortality rate in the birth year 154.35 31.99 152.35 31.99
School enrollment rate of the parental generation 97.34 2.07 97.34 2.07
Notes: The number of observations is 1,974. The fetal death rate is the number of death births per
1,000 births. The infant mortality rate is the number of infant births per 1,000 live births. The
school enrollment rate and attendance rate are the share of enrolled and attended children relative
to total school-aged children (see Appendix B).
(a) Boys’ height (b) Girls’ height
(c) Boys’ weight (d) Girls’ weight
Figure C.1: Trends in the height and weight of children from 1925 to 1935
Note: Each figure shows the average height or weight of children aged 6 to 11 in each measured
year. Source: See Appendix B.1.
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(a) Boys in the D3 area (b) Girls in the D3 area
(c) Boys in the D0–D2 areas (d) Girls in the D0–D2 areas
Figure C.2: Height of children by region and age
Note: Each figure shows the average height of children in each age and year of birth. Source:
See Appendix B.1.
C.2 Child health by region and age
Figure 4 in the main text illustrated the overall trends of children’s height and weight. In
this section, I decompose the trends by region and age. Figures C.2a and C.2b show the
height of boys and girls in the devastated area (D3), respectively. Figures C.2c and C.2d
show the height of boys and girls in marginally and moderately affected areas (D0–D2),
respectively. As shown in Figures C.2c and C.2d, there is no obvious stunting among
children born in the D0–D2 areas in 1923. Although the lines in Figures C.2a and C.2b
fluctuate because the number of observations are much smaller than those in Figures C.2c
and C.2d, both figures suggest that there might have been global stunting among children
born in the highly affected area in 1923.
Figures C.3a and C.3b show the weight of boys and girls in the D2 area, respectively.
Figures C.2c and C.2d show the weight of boys and girls in the D0–D2 areas, respectively.
Figures C.2c and C.2d indicate that there is no obvious stunting among children born in
the D0–D2 areas in 1923. Although Figures C.2a and C.2b suggest that there might have
been stunting among children born in the D3 area, this trend is unclear.
C.3 Inference based on the wild bootstrap method
I clustered the standard errors at the 13-county level rather than the school or munici-
pality levels. Here, I try to implement the wild cluster bootstrap-t method proposed by
Cameron et al. (2008) to offer additional evidence for the robustness of our main results
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(a) Boys in the D3 area (b) Girls in the D3 area
(c) Boys in the D0–D2 areas (d) Girls in the D0–D2 areas
Figure C.3: Weight of children by region and age
Note: Each figure shows the average weight of children in each age and year of birth. Source:
See Appendix B.1.
reported in the main text. I adopted the program “cgmwildboot.ado” for Stata, which
uses Rademacher weights in the resampling step.47 The number of replications is fixed to
be 4,000 for all specifications.
Table C.1 presents the results for the school-level dataset. In each table, the p-values
from the wild cluster bootstrap resampling method robust to a small number of clusters
are in brackets. The indicator variables for the 1922 and 1924 birth cohorts are included
in all specifications. Columns 2 and 5 also include the regional interaction terms, whereas
Columns 3 and 6 include both the regional interaction terms and the relief variable. The
additional control variables used in our sensitivity analysis in Section 4.4 are included
in all specifications. As shown in these columns, our main results in the main text are
largely unchanged if I conduct the inference based on the wild bootstrap. The same is
true for the results for the prefecture-level data reported in Table C.2.
C.4 Testing catch-up growth
In our main analysis in Section 4.2, I have tried to capture the average effects of fetal
earthquake exposures in children. However, if catch-up growth had started in the primary
school age, the stunting effects of fetal earthquake exposures are likely to diminish in later
years of primary schooling (Frankenberg et al., 2017). Figure C.1 suggests that while the
47Note that the initial estimates in this program use the program “cgmreg.ado” of Cameron et al. (2011).
These programs are available on Judson Caskey’s website: https://sites.google.com/site/judsoncaskey/
data, accessed on July 13, 2017.
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Table C.1: Results for the school-level data:
wild cluster bootstrap-t method
Primary school boys Primary school girls
(1) (2) (3) (4) (5) (6)
Panel A: Effect on height
1923 birth cohort -0.146** -0.146** -0.169*** -0.128** -0.113* -0.122**
[0.0245] [0.0215] [0.0085] [0.0295] [0.0725] [0.048]
1923 birth cohort × D3 0.004 -0.219*** -0.363*** -0.455***
[0.9655] [0.001] [0.0005] [0.0005]
1924 birth cohort × Relief 0.089*** 0.038***
[0.000] [0.009]
Panel B: Effect on weight
1923 birth cohort -0.017 -0.017 -0.027 -0.085** -0.081** -0.084**
[0.6295] [0.6505] [0.429] [0.0195] [0.0295] [0.031]
1923 birth cohort × D3 -0.014 -0.112*** -0.102** -0.130
[0.619] [0.0005] [0.0455] [0.289]
1924 birth cohort × Relief 0.040*** 0.011
[0.001] [0.134]
1922 and 1924 birth cohort variables Yes Yes Yes Yes Yes Yes
Relief interactions for the 1922 and 1924 birth cohorts No No Yes No No Yes
Age fixed effects Yes Yes Yes Yes Yes Yes
Baseline control variables Yes Yes Yes Yes Yes Yes
Additional control variables Yes Yes Yes Yes Yes Yes
Notes: The 1922 and 1924 birth cohort variables include the indicator variables and regional interaction terms for
the 1922 and 1924 birth cohorts. The baseline control variables include birth year rice yield, the birth year fetal
death rate, the school enrollment rate, the attendance rate, and the indicator variables for flu pandemic years.
Additional control variables include the distance from Chiba city, average adult height of the parental generation,
school enrollment rate of the parental generation, and an indicator variable for children born in wartime. ***, **,
and * represent statistical significance at the 1%, 5%, and 10% levels based on cluster-robust variance estimates,
respectively. Standard errors are clustered at the county level. p-values from the wild cluster bootstrap resampling
method robust to a small number of clusters in brackets.
Table C.2: Results for the prefecture-level data:
wild cluster bootstrap-t method
Primary school boys Primary school girls
(1) (2) (3) (4) (5) (6)
Panel A: Effect on height
1923 birth cohort 0.047* 0.038 0.029 0.008 0.019 0.004
[0.0815] [0.2045] [0.5135] [0.810] [0.612] [0.9155]
1923 birth cohort × MAP 0.007 -0.016 -0.044 -0.043
[0.926] [0.9245] [0.2475] [0.4955]
1923 birth cohort × AP 0.070 0.077 -0.059 -0.026
[0.2035] [0.2095] [0.4845] [0.7605]
Panel B: Effect on weight
1923 birth cohort 0.074* 0.071 0.101 0.017 0.016 0.009
[0.0725] [0.1045] [0.1915] [0.5095] [0.5325] [0.7785]
1923 birth cohort × MAP -0.009 -0.037 -0.063*** 0.039
[0.7035] [0.3355] [0.0025] [0.201]
1923 birth cohort × AP 0.025 0.019 -0.033 0.000
[0.449] [0.6205] [0.340] [0.498]
1922 and 1924 birth cohort variables No No Yes No No Yes
Control variables Yes Yes Yes Yes Yes Yes
Age fixed effects Yes Yes Yes Yes Yes Yes
Prefecture year-specific fixed effects Yes Yes Yes Yes Yes Yes
Notes: The number of observations is 1,974. The 1922 and 1924 birth cohort variables include
the indicator variables and regional interaction terms for the 1922 and 1924 birth cohorts. ***,
**, and * represent statistical significance at the 1%, 5%, and 10% levels based on cluster-robust
variance estimates, respectively. Standard errors are clustered at the prefecture level.
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Table C.3: Testing catch-up growth
Primary school boys Primary school girls
(1) (2) (3) (4)
Panel A: Effect on height
1923 birth cohort -0.135*** -0.135*** -0.107** -0.092*
(0.043) (0.044) (0.048) (0.051)
1923 birth cohort × D3 -0.004 -0.362***
(0.067) (0.070)
1923 birth cohort × Aged 10–11 -0.027 -0.027 -0.130 -0.130
(0.060) (0.060) (0.080) (0.079)
Panel B: Effect on weight
1923 birth cohort -0.022 -0.021 -0.087*** -0.085***
(0.019) (0.021) (0.024) (0.024)
1923 birth cohort × D3 -0.022 -0.049
(0.029) (0.062)
1923 birth cohort × Aged 10–11 -0.001 -0.001 0.026 0.026
(0.020) (0.020) (0.028) (0.028)
Control variables Yes Yes Yes Yes
Age-fixed effects Yes Yes Yes Yes
School year-specific fixed effects Yes Yes Yes Yes
Notes: Number of observations for the boy and girl subsamples are 28, 280 and 28, 286,
respectively. The control variables include birth-year rice yield, the birth-year fetal
death rate, school enrollment rate, attendance rate, and indicator variables for flu
pandemic years. ***, **, and * represent statistical significance at the 1%, 5%, and
10% levels based on cluster-robust variance estimates, respectively. Standard errors
are clustered at the county level.
increments in height are constant across ages, those of weight are clearer in ages 10–
11 years, especially for girls. Considering this, I interacted the cohort dummies with
an indicator variable in children aged 10–11 years to permit the impact of exposure to
vary across the ages of the exposed children. If catch-up growth had started at these
ages, the estimated coefficient on the interaction term becomes statistically significantly
positive, whereas the main effect is statistically significantly negative. Table C.3 presents
the results. The estimated coefficients on the interaction term with respect to later-age
dummy are statistically insignificant, supporting the evidence that there was no evidence
of catch-up growth among primary school children. This implies that fetal exposure
to earthquakes persistently exerted stunting effects on the exposed cohorts of students,
globally.
C.5 Testing gender differences
Table C.4 presents the results for the specification including the interaction terms between
the covariates and indicator variables for girls using the full sample. Columns 1 and 3
correspond to Columns 4 and 8 of Table 4, whereas Columns 2 and 4 correspond to
Columns 2 and 4 of Table 5. Note that the marginal effects reported are the same as
those in Columns 4 and 8 of Table 4 and Columns 2 and 4 of Table 5.
Column 1 of Table C.4 shows that the estimated coefficients of the interaction term
over the 1923 birth cohort, D3 area, and girls is negative and statistically significant. This
result suggests that the stunting effects in the extremely affected area could be stronger for
girls than boys. The gender difference in the magnitude is estimated to be roughly -0.34
cm (0.47-0.13), which suggests a 3.6 times (0.47/0.13) greater impact on girls’ height in
the devastated area. It should also be noted herein that difference in the stunting effects
in the D1–2 areas between boys and girls (0.024) is statistically insignificant.
Column 2 indicates that the marginal effects on boys and girls in the devastated area
are -0.38 and -0.58, respectively if I ignore the compensating effects through the relief.
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Again, the per capita relief expenditure for extremely affected municipalities in the Awa
and Kimitsu counties was 3.21 and 0.46 yen, respectively. This finding implies that the
potential compensating effects for boys and girls in Awa are 0.29 cm (0.091 × 3.21) and
0.13 cm (0.04 × 3.21), respectively. Thus, the net stunting effects on those boys and
girls are approximately -0.1 and -0.45, respectively. This finding means that the gender
difference in the magnitude is roughly -0.35 cm (0.45-0.1). Clearly, this figure is close to
those from the specification in Column 1.
For the results for weight, however, no clear gender differences in the magnitude are
observed.
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Table C.4: Testing the gender difference using the full sample
Height Weight
(1) (2) (3) (4)
1923 birth cohort -0.141*** -0.165*** -0.019 -0.030
(0.044) (0.043) (0.025) (0.027)
[0.0025] [0.0005] [0.5675] [0.3645]
1923 birth cohort × D3 0.011 -0.218*** -0.015 -0.112***
(0.071) (0.028) (0.032) (0.004)
[0.9125] [0.016] [0.7500] [0.001]
1923 birth cohort × Relief 0.091*** 0.039***
(0.013) (0.010)
[0.000] [0.0045]
1923 birth cohort × Girl 0.024 0.038 -0.043 -0.036
(0.067) (0.068) (0.039) (0.042)
[0.7540] [0.6405] [0.3535] [0.475]
1923 birth cohort × D3 × Girl -0.365*** -0.235*** -0.089 -0.018
(0.088) (0.042) (0.055) (0.046)
[0.0005] [0.09] [0.1530] [0.991]
1923 birth cohort × Relief × Girl -0.051** -0.028*
(0.022) (0.015)
[0.0015] [0.0185]
1924 birth cohort -0.024 -0.026 -0.011 -0.015
(0.049) (0.053) (0.039) (0.043)
[0.7700] [0.785] [0.8855] [0.853]
1924 birth cohort × D3 -0.010 -0.036 -0.035 -0.077
(0.174) (0.239) (0.137) (0.174)
[0.955] [0.894] [0.8405] [0.8815]
1924 birth cohort × Relief 0.011 0.017
(0.034) (0.024)
[0.732] [0.4605]
1924 birth cohort × Girl 0.059 0.051 0.019 0.026
(0.065) (0.068) (0.046) (0.051)
[0.4285] [0.503] [0.705] [0.6485]
1924 birth cohort × D3 × Girl 0.095 0.008 -0.213 -0.135
(0.362) (0.420) (0.189) (0.241)
[0.814] [0.9755] [0.256] [0.5865]
1924 birth cohort × Relief × Girl 0.035 -0.031
(0.046) (0.029)
[0.386] [0.2155]
1922 birth cohort 0.031 0.034 0.019 0.012
(0.044) (0.045) (0.030) (0.032)
[0.588] [0.554] [0.6175] [0.778]
1922 birth cohort × D3 0.108 0.144 0.081 0.014
(0.139) (0.151) (0.132) (0.171)
[0.768] [0.726] [0.6655] [0.969]
1922 birth cohort × Relief -0.015 0.027
(0.017) (0.017)
[0.227] [0.3035]
1922 birth cohort × Girl 0.016 0.010 0.038 0.049
(0.090) (0.097) (0.044) (0.048)
[0.873] [0.9225] [0.4485] [0.375]
1922 birth cohort × D3 × Girl -0.146 -0.196 -0.154 -0.054
(0.162) (0.154) (0.136) (0.173)
[0.401] [0.281] [0.2295] [0.75]
1922 birth cohort × Relief × Girl 0.020 -0.040*
(0.034) (0.022)
[0.344] [0.066]
Control variables Yes Yes Yes Yes
Age fixed effects Yes Yes Yes Yes
School year-specific fixed effects Yes Yes Yes Yes
Notes: The number of observations is 56,566. All control variables and fixed effects are
interacted with the gender dummy. ***, **, and * represent statistical significance at
the 1%, 5%, and 10% levels based on cluster-robust variance estimates, respectively.
The p-values from the wild cluster bootstrap resampling method robust to a small
number of clusters in brackets. Standard errors are clustered at the county level.
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